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New Team... 


TITANIUM AND ZIRCONIUM 


for your corrosion problem areas 


PICAL CORROSION RESISTANCES OF ZIRCONIUM AND rE 


Chart shows corrosionp 
resistances of zirconium 
and titanium to typical 
chemicals. 


’ Steam jet made of zirconium, which 
has given trouble-free performance after 
a year in hydrochloric acid service. For 
comparison,a throat piece from a steam 
jet (below) is shown after only a week 
of similar service. 


By specifying titanium or zirconium for processing equipment, you can now 
overcome most of the corrosive media which attack other metals. 

Even with such hard-to-handle chemicals as chlorides and oxidizing acids, 
equipment can have extremely long service life when made from these 
corrosion-resistant materials. Problems of product contamination in chemical 
and food processing can also be virtually eliminated. 

Mallory-Sharon is in position to offer you both titanium and zirconium mill 
products for equipment fabrication—plus engineering assistance and 
unbiased recommendations on the most suitable material. 

Titanium is now available from stock in a complete range of mill products, 
may be readily fabricated, and more than pays its extra cost where ordinary 
metals fail. Zirconium facilities are being rapidly increased, and mill 

shapes are now in production. 

For information on the corrosion-resistant properties of titanium or 
zirconium write Mallory-Sharon Metals Corporation, Niles, Ohio. 


NVMALLORY-SHARON 


METALS CORPORATION NILES, OHIO 


Integrated producer of Titanium ¢ Zirconium ¢ Special Metals 
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A New Editor — An Expanded Editorial Field, by William H. Eisenman 
Engineering Articles 
Surface Fatigue of Carbo-Nitrided Steel, by G. W. Powell, M. B. Bever and C. F. Floe........ 67 


The pitting of worn carbo-nitrided surfaces is shown to be related to case depth and 
amount of retained austenite. Performance of carburized surfaces, run in conjunction, 


indicates case depth to be the prime factor. (Q7, Q9, J28m; ST) * 


Modern Metallography, Reported by H. P. Roth ..................eccecceeceeeeeeeeeeeeees 70 
One of the meetings arranged for the Second World Metallurgical Congress in Chicago 
early last November was organized by the U. S. Atomic Energy Commission’s Internal 
Group on Metallography, and considered many advanced metallographic techniques 
using ultraviolet and visible light, X-rays, emitted rays, and electron beams. (M20, 
M21, M23) 


Materials and Processes in Manufacture of Costume Jewelry, by Ralph H. Atkinson.......... 74 
Skilled artisanship and mass production are combined to satisfy a growing demand for 
inexpensive jew ey with a fine jewelry appearance. (T9s, 17-57) 

A New Quenchant for Steel, by P. E. Cary, E.O. Magnus and W. E, Herring. ................. 79 


A solution of polyvinyl alcohol in water gives cooling rates between those of water and 


oil; medium-carbon steel parts can be readily hardened with little danger of cracking. 
(W28p, NM-b) 


Improvement in High-Temperature Alloys by Boron and Zirconium, by W. J. Pennington...... 82 
While most tramp elements have been regarded as detrimental to high-temperature 
alloys, it is found that additions of 0.01% boron and 0.10% zirconium (or both), usefully 
reduce the tendency to notch brittleness at service temperatures and improve rupture 


strength. (Q3m, Q26s, 2-60; SGA-h, Fe, Ni, Co, Zr, B) 


Descaling of Titanium, by W. B. Stephenson, Jr. ............ 
A hot solution of sulphuric acid and calcium fluoride, followed by nitric-hydrofluoric 
acid gives a bright surface, free from pits. Such treatment does not endanger formability. 
(L12g, Q23q, Q5; Ti) 
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It takes a lot of experience to centrifugally cast 
uniform wall thickness every time — but Electro- 
Alloys does it! That’s why life-shortening hot spots 
don’t develop in Thermalloy* centrifugally cast 
Radiant Tubes ... that’s why these tubes 


last so long, serve so dependably. 

Electro-Alloys’ experience in heat-resistant alloys 
will be useful in solving your problems. Call your 
nearby representative—or write Electro-Alloys 
Division, 9033 Taylor Street, Elyria, Ohio. 

“Reg. U.S. Pat. OF. 


ELECTRO-ALLOYS DIVISION © Elyria, Ohio 
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What's Happened to Cermets? by J. W. Graham and W. F. Zimmerman 


Originally intended for jet engine parts, cermets have become useful in other fields. 
Their resistance to corrosive liquid metals and acids makes them valuable for pump seals 
in rockets and nuclear plants. (Q general, T2p, T11, 17-57; 6-20) 


Iron Powder Made by the H-Iron Process, by Jerome Kuzmick and Kenneth W. Bruland........ 
Magnetic concentrate of high purity is reduced by hydrogen (97% purity) at 400 psi. 
and 1000° F., and reheated in protective gas to 1500° F. to prevent reoxidation. Hydro. 
gen is made from coke oven gas. Various grades of iron powder are suitable for mold- 

A ing, for a chemical reagent, and for high-grade melting stock. (H10c; Fe) 


A High-Strength Cast Steel, by C. G. Mickelson and R. D. Engquist.............. .......... 
A low-alloy, Mn-Cr-Mo cast steel with boron and rare earth additives which can be heat 
treated to tensile strengths above 220,000 psi. possesses great wear resistance in dipper 
teeth, chute liners, and tractor shoes. (T28, 17-57, Q general; AY, 5-60) 


Are Metallurgists Prepared for 19XX? by R. F. Thomson ............... 
While the foreseeable problems concerning metallic materials appear formidable in the 
extreme, the metallurgist has never before had so many good tools to attack them, and 
there appears no reason to anticipate anything but success. (A-general ) 


Heat Treating in Vacuum, by Horace B. Drover 
Vacuum melting is a familiar process; vacuum heat treating is relatively new. Annealing, 
tempering and hardening are possible, though some precautions must be observed. A 

few examples are described. (J2, 1-73) 
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Summary of recent releases describing current developments in the research programs 
of the A.E.C. and the British Atomic Energy Authority. 
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introduction and notes by Cyril Stanley Smith. 
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Building Up Worn Parts 


Plating Versatile Lead-Tin Alloys 


Plating Printed Circuits 


High Speed Wire Plating 


You can electroplate iO ways better 


with B«A FLUOBORATE Plating Solutions 


FINE CHEMICALS 


REAGENTS 


41. No mixing or dissolving necessary . . . 
supplied in concentrated solution form 


2. Easier bath preparation 
3. Stability of bath composition 
4. Ease of control 


5. Practically 100% anode and cathode 
efficiencies 


6. High conductivity 

7. Good covering power 

8. Fine-grained deposits of good color 
9. Faster, high-speed operation 


10. Readily adaptable for alloy deposits: 
lead-tin and lead-tin-copper alloys 


AND MANY MORE ADVANTAGES... 


. . enabling you to increase production . . . 
lower your operating costs . . . get easier, 
simpler operations. In addition to the ad- 
vantages listed, each fluoborate bath offers a 
number of special advantages for its particu- 
lar applications. 


Here is the modern way to electroplate. Mail the 
coupon now for complete information. 


BAKER & ADAMSON" Fine Chemicals 


GENERAL CHEMICAL DIVISION Wy 


ALLIED CHEMICAL & DYE CORPORATION 
40 Rector Street, New York 6, MN. Y. ee | 


Please send me, without cost or obligation, 
complete technical data on the use of fluoborate 
solutions for the following plating applications 


Zone___ State 
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Ae | wae saying... 


Ir SEEMS TO ME about time to present to you again the 


partners with A.S.M. in the building of the @ of Tomorrow, Messrs. 
Kelly and Kress and Associates, Cleveland’s young firm of pro- 
gressive architects. I’ve already told you (November 1957 Metat 
Procress ) some of the background and training of the principals, 
so you are undoubtedly expecting great plans from them and I'm 
sure you'll not be disappointed. The working drawings are in 
almost the finished stage and refinements are being developed 
smoothly and in close cooperation with the builders, Gillmore-Olson 
Co. of Cleveland. 

Inasmuch as the headquarters building is set back about a 
quarter of a mile from the main highway, the first of the site projects 
was to construct an “access” road so that the construction material 
and equipment for the building could be transported to the site at 
the earliest possible date for the ground-breaking activities. Con- 
sequently, the architects laid out a winding entrance road, the 
builders issued contracts for the construction, and work was started 
in December. The road is now about finished and a few more 
days of California weather will permit one to see the finished access 
road (with exception of the top-finish which will not be placed until 
just before the opening of the building). 

Below is a picture of the retaining wall for the road where it 
crosses a low spot. Some 15,000 cu. yd. of good earth will be 
used to bring the road to the main entrance at the second level of 
the building. At the spot where the earth was lifted there will be 
a storage reservoir of some 15 million gallons of good old H,O, to 
be available for (you guessed it) setups in case of fire, internal or 
external. We have been assured that if we prepare a concoction of 


Retaining Wall for the Entrance Road Shows the Start 
of Construction of Future @ Headquarters Building 
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test hardness of 


CASTINGS 


BARS 

the best way 
with Steel City 
Brinell Testers 


Photo courtesy of A.S.M 


Photograph illustrates the comparative 
size of impressions made by four 
different types of hardness tests: 


(A) Brinell, (B) Rockwell “B", (C) 
Rockwell “C", and (D) Scleroscope. 
Because it covers a larger area, the 
Brinell impression (A) averages out 
small inequalities in hardness, surface 
finish, and complex internal conditions 
of the metal. 


Steel City Brinell Hardness testers are 
designed to efficiently provide a true 
picture of the hardness of castings, 
forgings, bars and other compora- 
tively rough and soft forms of metal. 
Models are available to facilitate the 
handling of the work with minimum of 
effort. True, round Brinell impressions 
assure dependable testing results. If a 
Brinell Hardness test is indicated for 
your material or product — contact 
Steel City for the right testing machine. 


If one of the following types of test is 
your need—let us help you choose the 
Steel City machine that meets your 
individual requirement. 


Ductility Brinell Hardness Tensile 


Compression Transverse Hydrostatic 


Write today for FREE 
©) literature, describing Steel 

City testing machines. 


Flex-Tester 


8811 Lyndon Ave., Detroit 38, Mich. 
Sales offices in all metal working areas 
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Ae | wae saying... 


H,0 and C,H;OH (not CH;OH for radiators) it 
will be perfectly safe to drink. 

But for those ASMers who do not care for that 
mixture, the Board of Trustees has had two wells 
put down — with wonderful success. At 135 ft. 
the first well brought in high-quality high-purity 
H,O and tested a flow of 50 gal. per min. for 24 
hr. The second well at 139 ft. tested 45 gal. per 
min. for a 24-hr. period. So you need not be con- 
cerned — we have plenty of varieties and adequate 


Kelly give you a description that will be under- 
standable when you view the picture of the model. 
It’s really true that one picture is worth 10,000 
words. When I talk about the dome that will be 
the distinguishing feature of the Headquarters (in 
reality it’s an open sculpture of stainless steel and 
aluminum, 250 ft. in diameter, 110 ft. high at center ) 
it is impossible to describe (even using your 
arms). The dome is just something you'll have to 
see in a picture. What we all hope you'll do is visit 
us in person when it is finished. 

This building is to be a monument to you of the 
A.S.M. It is only possible because of the fine work, 


water for all occasions and activities. 

I was telling Mill at some length about the fine 
volume and quantity of the @ wells and she in- 
quired, “Now Bill, did you strike water or gas?” 
That slowed me down for a while but after 40 
years of married life you get accustomed to these 
witty pleasantries. So after taking a sip of water, 
my spirits rose (again) but the only answer I could 
grab onto was “No such luck.” 

I hope before very long to be able to present in 
@ publications a sketch of the model of the head- 
quarters building. At that time I'll have Architect 


efforts, cooperation and unity with which over the 
past years you have created such a splendid 
example of service to your Profession and the In- 
dustry, so that those who follow you can carry on 
to greater achievements —the @ of Tomorrow. 
Cordially yours, 


W. H. Secretary 
AMERICAN SOCIETY FOR METALS 


Campbell Abrasive Cutting Know-How 


Know-How is just as vital to top performance in 
Abrasive Cutting Machines abrasive cutting as in any other machine tool operation 


Metallurgical Specimens Can Be Examined ye | 
Without Finish Grinding When Cut on this CAMPBELL +2 HUDORKUT...| | 


Coolant Level 


This smooth-cut section of a case- 
hardened “Rockwell” hardness tester 
anvil was etched, without finish grind, 
just as it was taken from submerged cut 
on CAMPBELL Hudorkut at right. 


A Versatile and Useful Tool for metallurgists, 
this CAMPBELL #2 Hudorkut abrasive cutting 
machine cuts many materials (ferrous, non- 
ferrous, ceramic) including most high-tem- 
perature metals in 6 to 10 seconds per square 
inch... provides smooth-finish cuts that are 
ready for immediate metallographic examina- 
tion, frequently without further preparation ! 

For Additional Information, write for your 
copy of Bulletin DH-460-B. It gives com- 
plete data on 15 CAMPBELL Machine Models 
with capacities up to 14” rounds, co 

lal 


Totally Submerged in Coolant, the 
Wilson “Rockwell” anvil is shown here 
as the abrasive wheel (edge marked) 
finishes the cut. Grain structure and 
hardness of the material have not been 
disturbed, and the smooth-cut surface 
was etched, as shown in the picture at 
left, without the delay of finish grinding. 


Specimens of Any Size up to 4” diam- 
eter are securely held by the CAMPBELL 
Hudorkut universal work holder, assur- 12” x 12” billets, plate up to 6” 
ing accuracy and fine finish. thick and 20 feet long. 


CAMPBELL MACHINE DIVISION ¢ American Chain & Cable Company, Inc. 
932 Connecticut Ave., Bridgeport 2, Connecticut 


Cracks due to shaft failure are readily 
apparent in this hardened steel gear and 
shaft section cut for metallographic 
examination while totally submerged on 
CAMPBELL Hudorkut. 
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PERECO 


Carbon-Resistor type 


TUBE FURNACES 


Precision Controls 
for Accuracy of 
Repeated 
Firing Cycles 


*Known by 
Industry for 
Quality Equipment 


NOW- available in various sizes in 
both VERTICAL and HORIZONTAL types 


© Precision controls with wide-range “turn-down" 

@ Choice of extremely rapid, or any slower, cycle heat-up 

@ Interlocking FAIL-SAFE safety devices 

© Radiation type controllers and saturable core reactor power package 
@ Temperature-controllable over exceptionally wide range 

Water-cooled electrodes with “FAIL-SAFE” feature 


Pereco Carbon Resistor-Type Furnaces were developed 
to meet the increasing demands of both industry and 
military for an approved unit suited for investigations 
in the ultra-high (3500°-5000° F.) temperature ranges 
in the field of either metallurgy or ceramics. Units now 
in use in leading laboratories are daily demonstrating 
their ability to repeatedly duplicate operating results with 


the utmost accuracy. Provided with horizontal push-rod 
ports — or pneumatic elevator-type load bearing column 
— either straight through or “in-place” firings (on pre- 
determined schedules) can be readily accomplished. 
This highly versatile equipment may be just what you are 
seeking for your high temperature investigations. Write 
today for further details and prices. 


It will pay you to keep in touch with Pereco. As part of their development program Pereco 
is currently working on some revolutionary new advances in ultra-high temperature equipment. 


SPECIFICATIONS FOR STANDARD MODEL PERECO “CT” SERIES FURNACES 
DIMENSIONS 


Overall (Approx.) 


Maximum 
Connected 
lood 


Moximum 
Temperature 


Approx. Ship. Wt. 


Wide Deep 
43" 90” 61” 
43” 90” 61" 
43” 90” 61” 
35” 45" 86” 
86” 
*"“V" indicates the Carbon Tube is in a vertical position 


PERENY EQUIPMENT COMPANY 


Dept.Q, 893 Chambers Road Columbus 12, Ohio- 


Export Office: Ad. Auriema, Inc., 89 Broad Street, Mew York 4, N. Y. 


High 


222222 
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EQUIPMENT 
a 
\ 
Qs 
Area 
CT-212 5000° F. 5650 Ibs. 
CT-312 5000° 5900 Ibs. 
CT-412 5000 6400 Ibs. 
*CTV-212 5000° F. 5450 Ibs. 
*C°V-312 5000° F. 6100 Ibs. 
*CTV-412 5000° F. 6500 Ibs. 
| 
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Problem-Solving Products from Republic 


RESIST HEAT AND CORROSION, 
INCREASE STRENGTH/WEIGHT RATIOS 


CORROSION AND HEAT PROBLEMS were solved 
in this car heater with the help of Republic ENDURO® 
Stainless Steel. The gasoline burning heater is manu- 
factured by South Wind Division of Stewart-Warner 
Corporation, Indianapolis, Indiana. 

The unit is equipped with its own spark plug and 
fuel pump which ties into the car’s gas line just ahead 
of the regular fuel pump. The spark plug ignites the 
gasoline which burns with a continuous flame for 
regulated periods of time. Thermostatically controlled 
and rated at 30,000 BTU’s, the heater will deliver warm 
air in five seconds and 180° temperatures in 30 seconds. 

ENDURO Stainless Steel, Type 430, was selected for 
the combustion chamber and surrounding housing 
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SPARK PLUG 
arm 
} 


L 
BURNER EXHAUST 


VIEW 


because of its low thermal expansion and resistance 
to corrosion and oxidation at high temperatures 
(up to 1400°F). 

Still another advantage of ENDURO, Type 430, is that 
it can be readily formed into desired shapes by rolling, 
bending, pressing, drawing, etc. Its properly prepared 
surface shows good resistance to atmospheric attack 
and tarnishing which accounts for its widespread 
use as molding and decorative trim sections. 

Type 430 is but one of more than 35 standard types 
of stainless steel produced by Republic. Our metal- 
lurgists and engineers are always available to work 
with you in selection, application and processing. 
Just mail the coupon. There is no obligation. 
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FOR MAXIMUM SUPPORT, Notional Seating Company uses 
Republic ELECTRUNITE® Mechanical Tubing in their “cradle re- 
cline” passenger seats. The seat is mounted on 1” O.D. square 
ELECTRUNITE, bent to a 45° angle for styling. High ductility and 
superior strength-to-weight ratio of ELECTRUNITE moke this 
operation possible. Rear legs are of 2” x 14-gage round 
tubing. Besides structural and ornamental advantages, steel 
tubing eliminates the d of accidents caused by sharp- 
edged structural members. Send coupon for complete details 
on ELECTRUNITE. 
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OUTSTANDING CORROSION-RESISTANCE 

even after deep-drawing is provided by 

Republic Continvous Galvanized Steel. 

Under the toughest manufacturing condi- 
tions the zinc coating will not crack, flake or peel in any forming 
operation permitted by the bose metal. That's why Mackenzie 
Muffler Company, Inc. uses it in fabricating mufflers for cors, 
trucks and tractors. Republic Continuous Galvanized cuts manufac- 
turing costs, too. It eliminates costly hot dip operations. Permits 
continuous uninterrupted production. Available in a wide range of 
sizes, gages and grades in sheets or coils. Mail the coupon for 
complete facts. 


EXCEPTIONALLY HIGH STRENGTH-TO-WEIGHT RATIOS plus resist- 
ance to fatigue, stress, shock and impoct are valves of Republic 
Alloy Steels that equipment builders hove been relying on for 
years. Engineers and metallurgists of the Adams Division, LeTour- 
neau-Westinghouse Company, for example, spent thousands of 
hours on research and testing of all types of steels to find one that 
would reduce ultimate fatigue to an absolute minimum in the drive 
axle of their "660" Motor Grader. They selected Republic Hot 
Rolled 4340 Alloy Steel. This fine steel not only resists fatigue, but 
also is able to take high torque without a permanent set. Specify 
Republic Alloy Steels where strength and toughness must resist 
heavy-duty roughness. Our metallurgists will help you. 


REPUBLIC STEEL CORPORATION 

DEPT. C-5124 

3188 EAST 45TH STREET © CLEVELAND 27, OHIO 
Have a metallurgist call: [ Stainless (© Alloy 
Send more information on: 

0 ENDURO Stainless Steel 

0 ELECTRUNITE Mechanical Tubing 

0 Continuous Galvanized Steel [ Alloy Steels 


Name Title 


Company 
Address 


City. Zone State 
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To Our Friends and Customer. 
_ This Marks ov, eightieth, Year as ‘NVentors, developer. and 
manufacturer. of Industria) Las In the true Spirit 4 
of “Pioneering Wwe have been Privileged CO have a Part in 
the development of heat treating 
at We Wish to €XPress ou, Sincere “PPreciation all of Our 
mel Customers Who have Made oy, 8rowth POssib]e and also i> 
Pledge C0 you that we will ©ontinue to Permit no “OMPromise 
in be ng quipment development 38 We meet the 
e demands Of our ©conomy IN this Age of 
AMERICAN GAS FURNACp CO. 
= GAS fy 
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AGF INVENTIONS 
and DEVELOPMENTS 
will continue. 


since 1878 


Pa FIRST Continuous Type Roller Hearth 
Heating Machine in 1899. 


| s FIRST Conveyorized Automatic Heat- 
Bi ing Machine in 1899. 


FIRST Rotary Retort Heating Machine 
with atmosphere control in 1902. 


, 4. FIRST Automatic Temperature Control 
Instrument and system developed in 
1906. 


FIRST to introduce NITRIDING pro- 
cess which employs ammonia to impart a 
hard wear resistant surface on steel 
parts at relatively low temperatures and 
without quenching, in 1913. 


6. FIRST Automatic Control Shaker 
Hearth Hardening Furnace in 1921. 


4 FIRST to introduce and develop 


the ammonia-gas carburizing process 
known as Ni-Carbing in 1931. 


There were many other FIRSTS such as 
equipment for the electric and electronic 
industries, as well as chemical process 
and textile fields. 
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AGF Model 240 

AGF completely automatic continuous pro- 
duction furnaces for controlled atmosphere 
heat treating include the model 240 which 
is only one of several reciprocating or 
shaker hearths which were introduced since 
1921 and have been perfected to achieve 
positive control of processing temperatures 
and atmospheres. 


Model 139 

AGF Continuous Rotary Retort Furnaces have 
constantly been improved since their early 
invention by AGF and now feature automatic 
operation, easy adaptability to line produc- 
tion, high production at low cost, positive 
atmosphere control and many other ad- 
vances. 


AmeRICAN GAS FuRNACE Co. 
1002 LAFAYETTE STREET 
ELIZABETH, NEW JERSEY 


Bulletin No. 80 sent on request. 
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For whatever you make. 


HIGH-TENSILE STEEL 
MEANS LIGHTER WEIGHT 
WITH LONGER LIFE 
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Light weight and shallow draft make the ideal com- 
mercial river barge. Thanks to the inherent qualities 
of N-A-X HIGH-TENSILE steel, this river barge designed 
and built by Nashville Bridge Company, Nashville, 
Tennessee, offers a weight reduction in excess of 10% 
over mild carbon steel—plus longer life and increased 
payload capacity with shallower draft. 


Operators like the way weight-saving N-A-X HIGH- 
TENSILE improves barge towing efficiency—less draft 
when loaded; less dead weight to pull when empty. 
That means savings on operating costs all the time. 
And, again thanks to N-A-X HIGH-TENSILE, barge oper- 
ators get more resistance to corrosion. For this 
manufacturing job, like so many others, N-A-X HIGH- 
TENSILE steel provides desirable lightness with greater 
durability and strength. 


Check These Important Advantages for Your Job: 
The N-A-X HIGH-STRENGTH steels—both N-A-X HIGH- 
TENSILE and N-A-X FINEGRAIN—compared with carbon 
steel, are 50° stronger e have high fatigue life with 
great toughness e are cold formed readily into diffi- 
cult stampings e are stable against aging e have 
a resistance to abrasion e are readily welded 

y any process e offer greater paint adhesion e 
polish to a high luster at minimum cost. 


Although N-A-X FINEGRAIN’S resistance to normal at- 
mospheric corrosion is twice that of carbon steel, N-A-X 
HIGH-TENSILE is recommended where resistance to 
extreme atmospheric corrosion is important. 


For whatever you make, from steel shop boxes to steel 
river barges, with N-A-X HIGH-STRENGTH steels you 
can design longer life, and/or less weight and economy 
into your products. Let us show you how. 


N-A-X Alloy Sales Division, Dept. E-2 


GREAT LAKES STEEL CORPORATION 


Detroit 29, Michigan * Division of 


NATIONAL STEEL ig CORPORATION 


N-A-X Alloy Sales Div., Dept. E-2 
Great Lakes Steel Corp., Detroit 29, Michigan 


(_] Please send me 12-page illustrated technical catalog on 
N-A-X HIGH-STRENGTH steels. 


(] Please have your representative contact me. 


This barge, built by Nashville Bridge Company, hauls hot asphalt | 
between Baton Rouge and other points along the Mississippi- 
Ohio River system. Both the barge hull and the cargo tanks are | 


made of N-A-X HIGH-TENSILE. Weight reduction: in excess of 10% 
compared with mild carbon steel. 
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MARK 


The new design and operating principles of the Mark G 
Servomatic Tester offer versatility and convenience for 
production and research testing. A wider, more varied 
range of tests is possible. 


The platens of the Mark G, powered by counter- 
rotating, preloaded ball-bearing screws, move simul- 
taneously in opposite directions. This keeps the test 
center in fixed position 564% in. above the floor. Any 
accessory equipment, such as furnaces, will remain 
stationary during a test. Strains are electronically 
measured with high accuracy by built-in SR-4® trans- 
ducers employing bonded wire strain gages. 


The space available for specimens is from 0 to 48 in. and 
a servocontrolled hydraulic motor moves the platens at 
speeds up to 20 in. per min. The system self-locks for 
safety when not running. Electric clutches allow remote 
speed selection and provide overload protection. 


New Mark G Servomatic 

Tester and console for 
tension-compression testing 
can be ordered in capacities 
up to 300,000 Ib. 


Console for Mark G includes 
instrument controls and two 
plotters. XY plotter (right) 
computes crosshead motion 
vs. load or specimen strain 
(with use of microformer or 
SR-4®" extensometer) vs. 
load; a dual pen strip chart 
recorder (left) graphs load or 
strain vs. time, works simul- 
taneously with XY plotter. 
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BALDWIN LIMA: HAMILTON 


Blectronics & Instrumentation Division 
Waltham, Mass. 
Testing machines ¢e SR-4® strain gages ¢ Transducers 


FEATURES FIXED TEST CENTER 


Lightweight, rigid construction—dual platen motion—single space test area 
—fixed test center for permanent positioning of accessory equipment 


Maximum frame rigidity results from the reduced area 
occupied by the test load. This is limited to a rectangle 
formed by the platens and the length of interconnecting 
screws (determined by the size of the specimen). 


The Mark G also offers automatic loading or straining 
(with SR-4 extensometer), automatic load holding, 
strain and straining head position holding, and auto- 
matic cycling for load or strain in frequencies of from 
6/10 to 60 cpm. Two conveniently located built-in 
sockets permit plug-in of SR-4 strain gages and of mic- 
roformers or extensometer. 


For the best in testing, see B-L-H first. Choose from 
industry’s most complete line of testing equipment— 
tension, compression, creep, fatigue, impact or torsion. 
Ask your B-L-H representative about the Mark G 
Servomatic Tester—or write Dept. 2C for Bulletin #4218. 


©Copyright 1958, E & I Div., B-L-H Corp. 
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Many of Mine and Smelter's Marcy grinding mills are equipped with Standard Steel 
flange rings, shown above. No flange ring replacements have ever been required. 
Some of these mills have been operating 24 hours a day for more than 15 years. 


“"Dependability’ is the keyword in our 
very fine relationship with Standard Steel” 


We at Standard are happy indeed that Mine & Smelter Supply Co.’s 
chief engineer, J. R. Grout, appreciates the efforts we have gone 
to over the years to combine dependable service with our know-how 
and quality standards. 


We consider it our responsibility to help maintain the world-wide 
reputation for quality mining and industrial equipment which Mine 
& Smelter Co.’s Marcy Mill Division enjoys by providing this cus- 
tomer with the same fine service it renders, in turn, to ifs customers. 


Won't you discuss your needs for weldless rings, flanges, forgings 
and castings with us. You will appreciate our personalized service. 
Write Dept. 3-C. 


“Standard Steel for many years has been supplying 
our company with shell flange rings, as well as riding 
and roller tires for use on our Marcy Grinding Mills 
and other rotary-type equipment Their product 
quality and cooperation have helped make it pos- 
sible for us to serve our customers promptly—our 
company policy. | believs the word ‘dependability’ 
is the keyword in our very fine relationship with 
Standard Steel,” says Joseph R. Grout, chief engi- 
neer, Marcy Mill Division, Mine & Smelter Supply Co. 


Standard Steel Works Division /y~ 


BALDWIN - LIMA: HAMILTON 


BURNHAM, PENNSYLVANIA 
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Gas-fired Vacuum Bell Femece 


T= 


‘ Heat Processing Control Panel 


— 


Cylindrical Pit Furnace Ammonia Dissociator Traveling Cylindrical Furnace 


HEAT FOR MANY 


4 Overhead-conveyor Furnace High-temperature Box Furnace Roller-hearth Furnace 
Sy Vacuum Arc Melting Furnace Conveyor Belt Furnace 
ee Mesh-belt Furnace, Gas or Electric Endothermic Gas Producer 
- 


- 


Gas-fired Car Bottom Furnace 


Electronic Induction Heaters 


HERE’S HOW INVESTMENTS IN G-E 
ELECTRIC, GAS AND INDUCTION 
HEATING INSTALLATIONS PAY OFF 


Heat processing modernizations planned 
and built by General Electric normally pay 
for themselves in from two to three years. 
This means a 30% to 50% return on your 
invested dollars and heavy contributions to 
profit when the furnace is paid for. This 
high return is possible because you can: 


Reduce Work spoilage. G-E gas, electric 
and induction heating equipments give you 
uniform and consistent high quality. With 
General Electric equipment, heat processes 
may be set and controlled within close 
limits. Little supervision is needed. Human 
error can be eliminated. 


Lower operating costs. Maintenance and 
operating labor can be placed in more im- 
portant work. 


Increase your sales. Products of improved 
quality and lower cost help to give you a 
competitive advantage. 


Get fuel economies. Costs of various fuels 
have changed noticeably in many localities 
during the past 20 years. Furnaces built in 
1938 may not let you take advantage of the 
most economical heat source in your area 
today. 


Meet specialized needs with General Elec- 
tric’s extensive line of electric furnaces, gas 
furnaces and induction heaters in many 
standard sizes, types and ratings. 


Are obsolete heat processing equipments 


reducing your profits? Your present costs 


can be figured easily and compared with 
the low costs possible with an integrated 
heat process system planned by General 
Electric. For a complete analysis of your 
heat treating facilities, call your nearest 
General Electric Apparatus Sales Office. 
Section 721-10, General Electric Company, 
Schenectady 5, New York. 


GENERAL ELECTRIC 


> 
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a PT Horizontal Strip Annealing Furnace Rotary Hearth Furnace, Gas or Electric Box Furnac ti 
Hump-type Mesh-belt Furnace Low-temperature Bell Furnace Pusher-type Furnac 
pe Purified Exothermic Gas Producer Heaters and Soldering Irons Box Furnace with Cia 
J 
e Motor-Generator Induction Heater Elevator Furnace, Gas or Electric ertical Strip Annealing Furnace Exothermic Gas Producer Continuous Wire Proc 


Gas-fired Car Bottom Furnace 


Electronic Induction Heaters 


HERE’S HOW INVESTMENTS IN G-E 
ELECTRIC, GAS AND INDUCTION 
HEATING INSTALLATIONS PAY OFF 


Heat processing modernizations planned 
and built by General Electric normally pay 
for themselves in from two to three years. 
This means a 30% to 50% return on your 
invested dollars and heavy contributions to 
profit when the furnace is paid for. This 
high return is possible because you can: 


Reduce Work spoilage. G-E gas, electric 
and induction heating equipments give you 
uniform and consistent high quality. With 
General Electric equipment, heat processes 
may be set and controlled within close 
limits. Little supervision is needed. Human 
error can be eliminated. 


Lower operating costs. Maintenance and 
operating labor can be placed in more im- 
portant work. 


Increase your sales. Products of improved 
quality and lower cost help to give you a 
competitive advantage. 


Motor-Generator Induction Heater 


GENERAL ELECTRIC 


Get fuel economies. Costs of various fuels 
have changed noticeably in many localities 
during the past 20 years. Furnaces built in 
1938 may not let you take advantage of the 
most economical heat source in your area 
today. 


Meet specialized needs with General Elec- 
tric’s extensive line of electric furnaces, gas 
furnaces and induction heaters in many 
standard sizes, types and ratings. 


Are obsolete heat processing equipments 
reducing your profits? Your present costs 


can be figured easily and compared with 
the low costs possible with an integrated 
heat process system planned by General 
Electric. For a complete analysis of your 
heat treating facilities, call your nearest 
General Electric Apparatus Sales Office. 
Section 721-10, General Electric Company, 
Schenectady 5, New York. 


"Gloweter Furnace, Gas or Electric 


Vertical Strip Anneal 


NEEDS GENI 


Horizontal Strip Annea 
Purified Exothermic G 
| 


Rotary Hearth Furnace, Gas or Electric 


Pusher-type Furnace, Gas or Electric 


Box Furnace with Cooling Chamber 


rip Annealing Furnace Exothermic Gas Producer Continuous Wire Processing Equipment 


NERAL ELECTRIC 


tip Annealing Furnace Box Furnace with Retort 
e Mesh-belt Furnace Low-temperature Bell Furnace 
othermic Gas Producer Heaters and Soldering Irons —_—_—_—_—_—i 
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Heating Equipment 
for Your Process 


M-G Induction 
Heoters & Devices 


aac 


ALL OF THIS 
LITERATURE IS 
AVAILABLE FROM 
GENERAL ELECTRIC 


a Furnace and Induction Braz- 
ing, GEA-5889 


[] How and where to use Electric- 
furnace Brazing, GEA-3193 


+ 


[><] 


How to Braze Stainless Steel, 
GER-1331 


Heat Treating Aluminum, GEA- 
5912 


‘ | G-E MATERIALS HANDLING SYSTEMS 
SPEED PRODUCTION 


Modernization and mechanization of heat processing systems speed pro- 
duction, give uniformity of product, improve quality, and reduce your 


[J How to Get the Best Results manufacturing costs. General Electric can supply materials handling equip- 
from Sintering Furnaces, GER- ment, atmosphere producers, instruments, quenching equipments and fur- 
978 naces or induction heaters to give you “‘one source’’ responsibility for your 


heat treating line. 


[] Temperature Control of Heat 
Treating Furnaces, GER-1206 


[| Protective Atmospheres for use 
with Industrial Furnaces, GEA- 
5907 


New General Electric Induc- 
tion Heaters, GEA-6388 


[|_|] Catalog of General Electric 
Heaters and Devices, GEC- 
1005 


SECTION 721-10 
GENERAL ELECTRIC COMPANY 
SCHENECTADY 5, NEW YORK 


Please send me the following bulletins. 


INSTALLATION TIME 


General Electric can completely assemble large furnaces in its Shelbyville, 
Indiana plant. This means that when you buy from General Electric you can 
See pe as have your piped and wired furnace on the line more quickly and with lower 
over-all first cost. Experienced furnace builders handle every step of con- 
struction and General Electric provides either supervision or complete instal- 


— lation at your plant. 

Progress /s Our Most Important Product 
ADDRESS....... 


i 
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C. G. Hussey & Company, Pittsburgh, solved a number “of copper annealing furnace 
problems with help from the MSA Instrument Specialist (right), and this Inert Gas Analyzer. 


M-S-A’® Inert Gas Analyzer eliminates bad heats 
automatically —assures clear, bright, smooth product 


Product uniformity is now continuously and automatically 
controlled in the C. G. Hussey & Company annealing 
process. An M-S-A Inert Gas Analyzer with control 
mechanism has taken over the job. 

Before the instrument was installed, the ratio of gases 
used in the annealing process was maintained by manual 
controls. The operator had to watch or spot-check 
analysis instruments. Quality of the resultant atmosphere 
in the furnace often varied from the range needed for 
product uniformity. 

But now, according to L. A. O’Donnell, superintendent 
of the heat treating and annealing department: “We 
haven’t had a bad heat since we installed the system. 
And there’s been no major maintenance on the analyzer 
since it has been in use.” In addition to the analyzer on 
the gas-fired annealing furnace, Hussey & Company also 


has two others for control of electric furnace atmospheres. 

In the Hussey & Company annealing process, the 
product is heated to annealing temperature while blan- 
keted with an inert gas atmosphere. This atmosphere 
must be free of oxygen and low in hydrogen to prevent 
spoiling the product. That’s why the M-S-A Inert Gas 
Analyzer is so vital here. It controls atmosphere to very 
close limits, records atmosphere quality. 

Perhaps this low-cost, low-maintenance instrument has 
a place in your quality control program. An MSA Instru- 
ment Specialist will be pleased to discuss your specific 
problems with you. Write for information regarding 
your specific problems of atmosphere analysis and control. 


INSTRUMENT DIVISION 


MINE SAFETY APPLIANCES COMPANY 
Pittsburgh 8, Pennsyivania 


fg J 


NORTHWEST 


LEADS THE WAY 
WITH CHEMICALS 
FOR USE WITH 


if you work with aluminum you'll be interested in Northwest's outstanding line of 
chemicals for use with modern alloys. Northwest’s continuing research and develop- 
ment program has earned them the reputation of “First with the best” in this rapidly 
developing field. it will pay you to investigate: 


ALKALUME CLEANERS —A full line of cleaners and etching 
REMEMBER! compounds especially formulated for use on aluminum alloys prior 
"Your ces. p to plating, anodizing, painting or welding. 
finished article 


is the true cuss ALKALUME PRE-PLATE— An especially effective zincate bath 
of your cleaner.” for preparing aluminum for plating. 


ANOSTRIP —An easily handled liquid product, excellent for strip- 
ping anodic film from aluminum surfaces and racks without damage. 


ALKALUME DS-— An efficient, economical, 100% active product 
for removal of etching smut at room temperature. 


Northwest products are manufactured on the West Coast by 
ALERT SUPPLY COMPANY, Los Angeles 


NORTHWEST CHEMICAL CO. 


9310 ROSELAWN DETROIT 4, MICH. 
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“We VACUUM METALS 


Civision or CRuciar 


COMPANY of AMERICA 
P.O. BOX 977 @ SYRACUSE N.Y, 
heen SYRACUSE 8.257) 
have March 27, 1957 
Norton Company 
Worcester 6 
Wwe Massachusetts 


Gentlemen: 
; I am enclos 


ing a eeneral view of our newest 
j vacuum melting furnace and a view of the 
crucible during a melt. This furnace is the 
largest high vac 
gan 


uum induction furnace in the 
country and 


has a capacity ofr 3000 Pounds 
Per heat. 
We have Successfully used a Norton ramming 
t mix for rammed linings in this and in our 700 
° os Pound furnace. Your prefired Shapes of 
writes a a } Magnorite and Alundum have been used for 
OU Pouring lips and Pouring tubes. Your refractory 
manufacturer re ramming mixes have been used as a backing for 
a in Norton Magnorite and Alundum crucibles in 
the metal me f laboratory furnaces for nearly ten years. We 
. ave been wel] Pleased with the quality and 
protection Performance of your Products. 
Norton refractories Very truly yours, 
-lasting ALUN- ASE. 
igh melting, long-las * 
DUM", D ZIRCONIA and o thn Division Superintendent 
FUSED STABILIZE terials are Norton Cc: Michael Stump 
refractory mate . 
aap engineered and prescribed che 
longer, lower cost service across 
range of furnace applications. siete 
For R’s that will help you m 


hot metal schedules and ry a 
downs in your own 
r Norton Refractories Eng 
to NORTON COMPANY, 
Division, 322 Bon 
Worcester 6, Mass. * 


REFRACTORIES 
Engineered... R ... Prescribed 


BEHR-MANNING DIVISION 


Coated asives pening Stones i in the U.S. The accom- 
i induction furnaces in Ce 
Steel Company, des 


i odern metal- 
id in the advanced performance of this huge, m 
shapes aid in 
‘gn Countries melting equipment. 
i S. Pat. Off. and Foreign 
*Trode-Marks Reg. U. 
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NORTON PRODUCTS — 5 
Grinding Machines + Refractories 
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EASIEST SOLUTION TO MANY PROBLEMS! Grainal was first introduced in 1938 as 
a hardenability intensifier. Since then it has been used in millions of tons of steel. 

In recent years, Grainal Alloys have become increasingly important in stainless and heat-resisting 
steels where they improve hot-working characteristics and reduce conditioning costs and rejections. 
Grainal Alloys improve the physical properties of high-strength cast steels. They are also used in cast 
steels as a special deoxidizer. 

Call your nearest VCA office to learn more about these versatile alloys . . . or write for the informa- 


tive pamphlet — ‘‘Grainal and Its Use.“ Vanadium Corporation of America, 420 Lexington Avenue, 
New York 17, N. Y. 


VANADIUM 
CORPORATION 
Producers of alloys, metals and chemicals OF AMERICA 
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BRAZING PROBLEMS LICKED 


By assembling inexpensively-produced components 
and then brazing them in this Harper Elevator 
Furnace, Fabriform Metal Products, Inc., Los Angeles, 
has by-passed high manufacturing costs. Forging, 
casting and excessive machining have been eliminated 
in producing a tremendous variety of complicated 
products ... including stainless missile and jet engine 
parts. 

Operated on a two-shift basis, the Harper Furnace 
has not only proved extremely versatile, but has 
enabled Fabriform to overcome many tough brazing 
problems. Even metal working dies and molds of tool 
steel have been copper brazed without decarburization. 
Recently, a thousand stainless steel bearing housings 
were copper brazed with only one reject in the lot. 
Relatively heavy sections of difficult-to-braze super 
alloys such as A-286 and Inconel X have been handled 
successfully. Excellent results have been obtained 
using a variety of base metals, as well as filler metals 
including nickel-base alloys. 

With the furnace capable of holding a ton of parts 
stacked 30” high within a 24” diameter, temperatures 
up to 2100 F can be attained in the inconel retort. 


NENTS: 


FOR BRAZING, SINTERING, WIRE ANNEALING, 


Temperature uniformity is excellent: Placed within 
loads 20” high, matched thermocouples show no 
temperature differences. 

“The Harper Furnace is extremely flexible and can 
produce practically any time-temperature cycle within 
reason,” says A. M. Thompson, Gen. Mgr. of Fabriform. 
“Because we can hold effluent dew points of —90 F, 
it’s possible to do extremely difficult jobs ... We 
haven’t had a forced shutdown since installation over 
three years ago.” 

To reap the maximum benefits of furnace brazing, 
you'll find it pays to talk to a Harper representative... 
for Harper can build the furnace best suited to your 
needs: box, pusher, mesh belt, roller hearth, bell, ele- 
vator or pit. For detailed information, write: Harper 
Electric Furnace Corp., 40 River St., Buffalo 2, N. Y. 


BRIGHT ANNEALING, 


ELECTRIC 
FURNACES 


FORGING AND RESEARCH 


Accommodates complete 


CREEP : 
RECORDING 
i INSTRUMENTATIO 


together with 


VACUUM FURNACE 


Creep and stress rupture testing of materials at 
temperatures to 2000° F., in vacuums to 1 x 10° 
mm Hg, can be performed on the Riehle creep 
testing machine when equipped with a recently 
developed vacuum furnace. Creep measuring equip- 
ment employing electronic recording of specimen 
Strain is provided. 


Programmed tests for both creep and relaxation and 
under vacuum furnace conditions may also be made 
on the Riehle Universal Testing machines of any 
capacity with equipment and instruments available. 


Convenience in observation and operation is assured 
because both the elevated temperature equipment 
and recording instrumentation are designed to func- 
tion as an integral part of the Riehle machine. 


Other Riehle Testing Machines: Hydraulic and 
Screw Power Universal Testing Machines, Hydraulic 
Fatigue Testing Machines, Construction Materials, 
Impact, Brinell, Torsion, Horizontal Chain, Rope 
and Cable Testers, Portable Hardness Testers a 
Rockwell Readings, Etc. 


Free Bulletin . . . Mail Coupon 


P'EHLE TESTING MACHINES 
Division of American Machine and Metals, Inc. 
Dept. MP-358, East Moline, Illinois 


Please send 


COMPANY 


ADDRESS 


city ZONE STATE 


ATTENTION MR. 
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Vacuum Melting 

A new laboratory vacuum arc melt- 
ing furnace for melting, alloying, 
consolidating or refining very high 
temperature metals and alloys has 
been announced by the Vacuum 


Equipment Div. of the New York Air 
Brake Co. This furnace can employ 


either consumable or non-consumable 
electrodes. The standard hearth han- 
dles a % Ib. titanium test button, or 
equivalent volume of other metals. A 
hearth having a maximum capacity of 
3 lb. can be supplied. The system can 
be arranged with specixl valving to 
hold the pressure at any desired level 
from 2 psi. above atmospheric pres- 
sure down to a vacuum of 10 microns. 


For further information circle No. 478 
on literature request card, page 48-B. 


Aluminizing 

The Upton Electric Furnace Co. 
has announced the development of a 
new process for coating steel with 
aluminum while both metals are 
heated to temperatures ranging from 
1300 to 1650° F. The new process 
uses an electric salt bath furnace. 
Pure aluminum is melted and floated 
upon a barium chloride base in the 
bath or pot of the furnace, and a flux 
is floated on top of the aluminum. 
Steel to be aluminized is then dipped 
in and out of this bath and imme- 
diately transferred into another fur- 
nace at the same temperature but 
containing molten salt only. Here, it 
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is dipped in and out to smooth out the 
aluminum and remove the flux. Pene- 
tration of the aluminum is controlled 
by the furnace temperature to 0.003 
to 0.010 in. 

For further information circle No. 479 
on literature request card, page 48-B. 


Blast Cleaning 

Pangborn Corp. has announced a 
new 72 cu. ft. Rotoblast barrel to blast 
clean castings, forgings and heat 
treated parts weighing up to 6 tons 
in 5 min. It is equipped with two 
Rotoblast wheels, each capable of 
throwing 120,000 lb. of abrasive per 
hour. Each wheel is powered by a 
40 hp. motor. Heavy-duty motors also 
power the shaker conveyor, the barrel 
door and the abrasive elevator. All 
operations of the new barrel includ- 
ing loading, starting, stopping and 
unloading are automatic. Wheel hous- 
ings and blast chamber are lined with 
replaceable wear-resist alloy plates. 
An abrasive cleaning, recleaning sys- 
tem removes all sand and debris. 
Scale, dust and broken-down abrasives 


are removed from the abrasive after 
which it is returned to the Rotoblast 
wheel for reuse. 


For further information circle No. 480 
on literature request card, page 48-B. 


Rolling Metal Powders 

A new horizontal rolling mill which 
compacts metal powders directly into 
sheet and strip has been announced 
by Stanat Manufacturing Co. It is 
convertible to a vertical 2-high, 4-high 
combination mill. The mill will pro- 
duce both ferrous and nonferrous ma- 
terials in widths up to 7 in. and thick- 


nesses ranging from 1/32 to % in., 


depending on the particular metal 
powder being processed. The new mill 
can be used for both hot end cold 
rolling operations. The metal powder 
is poured between revolving rolls and 
a solid, uniform mass produced. Roll 
diameter, roll gap and roll speed de- 
termine strip qualities. Laminations 
may be produced by directing streams 
of dissimilar powders into the roll 
gap. Powder may also be compacted 
between strips of wrought metal to 
form a sandwich. Practically all metal 
powders compacted into strip must be 
sintered within a protective atmos- 
phere such as hydrogen or argon to 
increase strength and ductility. The 
process is usually completed by re- 
rolling the sintered strip in either a 
2-high or 4-high rolling mill. 

For further information circle No. 481 
on literature request card, page 48-B. 


Freezer 


A new 5-cu. ft. low-temperature 
chilling and refrigeration machine has 
been announced by Harris Refrigera- 
tion Co. The new unit requires 44 by 
30 in. of floor space and is completely 
automatic. The chilling chamber has 
a working area of 30 by 18 by 16 in., 
with double walls of 16-gage steel, 
electrically welded and finished with a 
coating of hot-sprayed zinc. The 
refrigerant is channeled through 
honeycombed, embossed passes which 
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FIRST to develop the ELECTRONIC Induction Heating Generator 


THER-MONIC 


amnounces another first 


for Induction Heating 


based on a new power conversion principle, having 
no moving or rotating parts, spark gaps or electronic tubes ! 


This new principle, developed after several 
years of intensive research, brings you a sim- 
pler type of induction heating power for 
brazing, soldering, hardening, annealing, 
forging and melting applications. 

Frequency Transformers convert 3-phase, 
60-cycle power to single-phase, 180-cycle out- 
put by means of conventional capacitors and 
a transformer-like device. Units ranging from 
50 to 250 KW output are available. 

DEPTH OF PENETRATION for 180 cycles 
is greater than for higher frequencies. This 
has the advantage of reducing heating time 
in larger sections, because the heat is gener- 
ated at greater depths in the work. However, 
there is a limitation as to the minimum size 
of the work that can be efficiently heated. 

INITIAL EQUIPMENT COSTS ARE 
LOWER, due to the simplicity of construc- 
tion of Frequency Transformers. 


MAINTENANCE COSTS ARE LOWER, 
because of the absence of moving or rotating 
parts. 

SAFETY OF OPERATION. Besides the 
absence of moving parts, Frequency Trans- 
formers have another inherent safety feature: 
a short cireuit of the work coil or an over- 
load merely results in practically zero sec- 
ondary voltage, and both primary and secon- 
dary windings remain within safe current 
limits. 

QUIET OPERATION. Frequency Trans- 
formers reduce the noise level, an important 
factor in the modern plant, for the relation 
of this element to personnel efficiency is now 
well known. 

We at THER-MONIC will be glad to discuss 
with you the application of Frequency Trans- 
formers to your particular induction heating 
requirements, Your inquiry is invited. 


HEATING CORPORATION 


181 WYTHE AVENUE, BROOKLYN 11, N.Y. 


Producers of the most complete line of induction heating equipment for BRAZINC, 


SOLDERING, HARDENING, ANNEALING, FORGING, and MELTING APPLICATIONS 
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provide direct refrigerant contact 
with 96% of the cooling chamber sur- 
face. Chamber walls are insulated 
with 5 in. of silica aerogel. The freez- 
er will maintain temperatures from 
—70 to —130° F. 


For further information circle No. 482 
on literature request card, page 48-B. 


Atmosphere Furnace 

A new high temperature atmos- 
phere tube furnace has been an- 
nounced by the Lindberg Engineering 
Co. The Type GT-34 furnace is 
equipped with a 4-in. id. metal- 
ceramic tube assembly, with blast 


gates and automatic flame curtains 
at both ends. It will perform heat 
treating under a protective atmos- 
phere at temperatures up to 2750° F. 
water-jacketed cooling chamber 
cools the work under a_ protective 
atmosphere. 


For further information circle No. 483 
on literature request card, page 48-B. 


Seamless Tubing 

Summerill Stainless Tube Div. has 
announced a new seamless stainless 
tubing which is mandrel drawn in 
sizes from % to 1% in. outside di- 
ameter and 0.020 to 0.109 in. wall 
thickness. Because it is finished inside 
as well as out, it is recommended for 
heat exchangers, condensers, chemical 
apparatus, paper mills, aircraft hy- 
draulic lines, and equipment for the 
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tion process begins with co!d reduction 
on a tube reducing machine. The mate- 
rial is then bright annealed. After the 
annealing process, the tubing is lubri- 
cated for its passes on the draw bench. 
It is drawn through a die and over a 
mandrel at the same time, finishing 
both the interior and exterior walls. 
For further information circle No. 484 
on literature request card, page 48-B. 


Spectrometer 

A new direct reading spectrometer 
has been announced by the Jarrell- 
Ash Co. It analyzes ferrous and non- 
ferrous metals and alloys for up to 


30 alloying elements in 30 sec. The 2.5 
meter Atomcounter has a_ pulse- 
computer electronic measuring system 
and a two-level dual-deck optical sys- 
tem. Instrument design permits op- 
tional film recording of the analytical 


spectrum as well as direct reading 
analysis. 


For further information circle No. 485 
on literature request card, page 48-B. 


Chemical Polishing 

Allied Research Products has an- 
nounced a new additive for use with 
Iridite No. 4-73 for polishing die cast 
zinc. It is used to make all additions 
to Iridite No. 4-73 solutions, at about 
one-half the material cost of Iridite. 
It is available in 135-lb. polyethylene 
carboys. 


For further information circle No. 486 
on literature request card, page 48-B. 


Welding 

A new automatic welding torch and 
control system for high purity at- 
mosphere welding has been announced 
by Vacuum Specialties. Designed for 
thin gage nuclear fuel element weld- 
ing, both sub-assemblies and finished 
elements, it is suitable for automatic 
welding of zirconium, zircalloy, tita- 
nium, molybdenum or other reactive 
metals and their alloys. The torch 
head is a_ collet-type water-cooled 
holder, rack and pinion mounted with 
adjustable cam follower guides. Two 
voltage-regulated gear-head motors 
drive the torch head. Electrode sizes 
are 0.040 to % in.; maximum current, 


atomic energy industry. The produc- 
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, Transfer Many Thermocouples 


With T-E Quick-Coupling Connectors and Panels 


Connector Panels T-E has one for your exact needs. These panels provide flexible, 
centralized control in transferring any number of thermocouples to indicating, multi- 
point recording and controlling pyrometers. Ideal for patch panel use, they ore 
available in many compact shapes and sizes — with interchangeable plugs and jacks 
in 1-C, C-C, and C-A. A panel for 48 thermocouples and 16 pyrometers measures only 
13%,” x 7%”. Polarity markings and screw-fastened connections make wiring easy. 
Quick-Coupling Connectors These connectors permit fast, easy making and 
breaking of thermocouple circuits. Durable construction guarantees long, dependable 
usage. Polarized and mechanically interchangeable, all plugs and jacks ore of 
standard matched thermocouple moterials. Spring-loaded contacts with long wiping 
surfaces provide firm but easily broken connections. 


Write for Bulletin 23 —H. 


Thermo Electric 6.3nc 


SADDLE BROOK, NEW JERSEY 
In Canada — THERMO ELECTRIC (Canoda) Lid., Brampton, Ont. 
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SUN QUENCHING OIL LIGHT 
KEEPS COOLERS CLEANER LONGER. 


Since the switch to Sun Quenching 
Oil Light, reserve cooler has remained 
idle for more than 18 months. Before, 
cooler coils had to be cleaned 
every week. 


Cooler maintenance practically eliminated 
by switch to Sun Quenching Oil Light 


A leading automotive manufacturer reports 
a drastic reduction in his cooler maintenance. 
No heavy sludge deposit forms in cooler coils, 
because Sun Quenching Oil Light has natural 
detergency and solvent action that keep 
coolers clean. 

IT’S VERSATILE. Sun Quenching Oil 
Light can be used in any type of quenching- 
oil system. It has uniform quenching proper- 
ties and low drag-out. 

IT’S ECONOMICAL. Sun Quenching Oil 
Light can save you money two ways —in low 
initial cost and in reduced maintenance. 

For full information, call your Sun repre- 
sentative or write to SUN OIL COMPANY, 
Philadelphia 3, Pa., Dept. MP-3. 
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INDUSTRIAL PRODUCTS DEPARTMENT 


SUN OIL COMPANY 


Philadelphia 3, Pa. 
In Canada: Sun Oil Company Limited, Toronto and Montreal 
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PLAST-IRON 
POWDERS 


ELECTROLYTIC AND 
SPONGE IRON POWDERS 


PREMIXED CU-NI-FE-POWDERS 
+C+LUBRICANT 


GROWTH CONTROLLED IRON POWDERS 
HIGH DENSITY IRON POWDERS 


10 STANDARD COMPACTING GRADES 


MODIFICATIONS 
TO FIT YOUR NEEDS 


NICKEL AND MANGANESE POWDERS 
WELDING ROD POWDERS 
CUTTING AND SCARFING POWDERS 
SPECIALIZED IRON OXIDES 


ELECTROLYTIC IRON CHIPS 
FOR MELTING STOCK 


PLASTIC 
METALS 


JOHNSTOWN, 
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600 amp.; maximum rate of vertical 
travel 60 in. per min.; maximum rate 
of horizontal travel 32 in. per min.; 
and horizontal and vertical stroke 
can be adjusted as required. 


For further information circle No. 487 
on literature request card, page 48-B. 


Cut-Off Machine 


Lewis Machine Co. has announced 
a new machine for the high-speed cut- 
ting of commercial welding rod and 
similar short items. The 4FH will cut 
3/32 to % in. mild steel and 3/16 in. 


high carbon, alloy and stainless steel. 
Feed speeds range from 75 to 520 ft. 
per min. with maximum accuracy in 
the range of 125 to 395 ft. per min. 
This new cut-off travels with the rod 
and cuts while in motion. 


For further information circle No. 488 
on literature request card, page 48-B. 


Creep Testing 

A new creep rupture testing ma- 
chine has been announced by Areweld 
Manufacturing Co. The new model M 
measures 20 by 30 by 78 in. and has 
a capacity of 6000 lb. A counterbal- 
anced lever system, lever ratio of 16 
to 1 and automatic beam leveling de- 
vice are special features. The counter- 
balanced furnace can be moved on a 


discover now... 
the most versatile 


HARDNESS TESTER 


PORTABL 


guarantees 
accurate 
on-the-spot 
tests! 


= 


You save time and money on all Brinell 
tests with the King Portable. It provides 
hardness tests on all metals from softest 
lead to toughest alloys having over 
700 BHN. 


Uses loads from 624% Kg. to 3000 Kg. 


Keep it in the plant or take it out in the 
field — can be used in any position any- 
where. It’s rugged, lightweight and fast! 


Write today for complete specifications. 


DEPT. MP-358 
440 N. 13th Street 
Philadelphia 23, Pa. 


Certain areas open for representatives 


= 
ever made! 
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Closer chromium control and higher recoveries are obtained by 
adding CHROMTEMP exothermic ferrochrome to the ladle. 
Off grade heats are minimized, which means higher plant profits. In 


addition, this alloy does not preferentially oxidize aluminum 

added for grain size control. CHROMTEMP ferrochrome is available in 
three grades which add 5, 8 or 12 points of carbon respectively 

with each 1% of chromium added. For further information 

call your ELECTROMET representative. 


ELECTRO METALLURGICAL COMPANY, Division of Union Carbide 
Corporation, 30 East 42nd Street, New York 17, N. Y. 


For maximum convenience, CHROMTEMP 
ferrochrome is packed in cans containing 
exactly 25 lbs. of chromium. 


Electromet 


FERRO-ALLOYS AND METALS 


The terms “Chromtemp,” “Electromet,” and “Union Carbide” are trade-marks of Union Carbide Corporation. 


4 highe th CHROMTEMP h 
an We get higher recoveries wit errochrome 
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vertical rod. The testing machine per- 
mits the use of any type of extension 
equipment and optical methods of 
measuring creep extension. 

For further information circle No. 489 
on literature request card, page 48-B. 


Sintering Furnace 

A new high production sintering 
furnace has been announced by Haller, 
Inc. It is a 75 k.w. continuous belt, 
globar-type furnace with a 16 ft. belt. 
Heat is applied in four separately 
controlled zones. The first zone of 4 ft. 


burns out the volatiles and impurities. 
A second zone, 6 ft. in length, brings 
the parts up to the sintering tempera- 
ture. This is called a soaking zone. 
The third zone of 6% ft. is the actual 
sintering zone. The last 
is a controlled 


{-ft. sect on 
cooling zone. Endo- 


thermic and exothermic atmospheres 
are used in this furnace plus pro- 
visions to introduce natural gas into 
the prepared atmosphere to create a 
earburizing atmosphere. 


For further information circle No. 490 
on literature request card, page 48-B. 


Thermowells 

A new, expanded line of thermo- 
wells, both bar stock and built-up 
types, has been announced by Thermo 
Electric Co. Thermowells are available 
in over 5700 different combinations to 
satisfy temperature, environmental 
and installation requirements. Bar 
stock wells are drilled by the rifle 
boring process with bore concentricity 
guaranteed within 10% of wall thick- 
ness. They are available flanged, 
threaded—with hex head or wrench 
flats—or with ground joints. Built-up 
wells of seamless pipe are available 
with threaded mounting bushings or 
flanges. Each thermowell, both bar 
stock and built-up, is given an internal 
hydrostatic test as a final precaution 
against pressure failure. 


For further information circle No. 491 
on literature request :card, page 48-B. 


Barrel Finishing 
A new barrel finishing system which 
cuts time cycles up to 70% and makes 


it possible to barrel finish inside diam- 
eters has been announced by Minne- 
sota Mining & Manufacturing Co. It 
combines the principles of rotation 
and vibration for rapid results dur- 
ing cut-down cycles, and is capable of 
using either principle alone. The ma- 
chine is 67% by 50 in. by 8 ft. with 


an octagonal barrel. The vibratory 
barrel will operate at rotating speeds 
from 4 to 20 rpm. The speed of the 
vibrator is fixed at 2,300 cycles per 
min., and both ends of the barrel are 
synchronized with timing belts so that 
vibration is uniform throughout the 
media. 

For further information circle No. 492 
on literature request card, page 48-B. 


Titanium Plate 
Light-gage plate of Ti-75A titanium 
alloy, measuring 75 by 224 in., has 


Applications 


(REGULAR AND 


Main Office and Factory: 
Clifton, New Jersey 
Sales Offices: 
Chicago, San Francisco 


MARCH 1958 


Hundreds of installations 
over the past few years 
have proved the economy of 
the only hardness tester 
which combines all scales 
of Rockwell Test (15 to 

150 kg. loads). 

The Kentrall cuts costs 
because it does the job of 
two conventional testers, 
requires only half the space 
and maintenance. Write for 
more detailed information, 
plus a list of prominent 
users who have switched 

to Kentrall. 


price $680. 
KENTRALL 


THE TORSION BALANCE 


COMPANY 


INFORMATION BOOKLET ON 
COLLOIDAL-DISPERSIONS AND 
WHAT THEY WILL DO FOR YOU 


The Ounce 


OF PROTECTION 


GRAFO COLLOIDS corp. ||} 


Stee! Forging, Stretch Forming, No-Drip Crane 
Lubrication, Dry Film Precoating, Titanium and 
Shell Forging, Die Casting . . 
Ask for "The Biggest Ounce of Protection" and 
write us for recommendations of the proper disper- 
sions for your operations. 


GRAFO COLLOIDS CORPORATION 
279 Wilkes Place, Sharon, Pennsylvania 


This booklet has 8 pages of speci- 
fications and helpful suggestions 
on colloidal-graphite products for 
Aluminum Extrusion, Stainless 


. and many others. 
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COLLOIDAL GRAPHITE, 
DISULFIDE, VERMICULITE, 


COLLOIDAL GRAPHITE PROVES 


IDEAL AS FORGING 


Lubricants to be suitable for use 
on forging dies for steel and non- 
ferrous metals must be stable un- 
der the high temperatures and 
pressures involved. Besides pro- 
viding the most effective lubrica- 
tion for hot-work dies, ‘dag’ brand 
dispersions act as coolants. Total 
advantages gained by using 
Acheson colloidal graphite, as de- 
scribed in the following applica- 
tions are: improved quality of 
the forging, reduced die wear, 
lower production costs, and im- 
proved working conditions. 


LUBRICANT 


‘dag’ dispersion improves qual- 
ity, cuts costs for Utica Drop Forge 
and Tool Division. With a large share 
of their capacity being devoted to the 
forging of jet engine blades, Utica finds 
it must maintain high production, con- 
sistently high quality, and a competitive 
price. Blade-forging dies have a com- 
paratively short life due to rapid wear 
caused by the thinness of the blades, 
the high pressures required to form the 
heat-resistant alloys used, and the closer 
tolerances required. They have found 
that every one of these requirements 
can be met by using ‘dag’ colloidal 
graphite dispersed in water as their 


Operator spraying colloidal graphite on both top 
and bottom die halves before forging jet engine 
blades at Utica Drop Forge and Tool Division. 
Kelsey-Hayes Company. 


Concentrated Acheson colloidal graphite 
being applied to die surfaces before they 
ore put in service. 


Pre-treatment and operational use of 
‘Aquadag’ greatly increases die life. 
Before putting dies into service, a 
prominent midwestern manufacturer 
finds that by preheating them to about 
250° F. and brushing on a dispersion of 
colloidal graphite in water, they have 
generally doubled the working life of 
their dies. When used as an operational 
lubricant, actual measurements of wear 
on a die for a truck body brace were 
only one-third the former rate. And this 
was with ‘Aquadag’ diluted 1 to 240 in 
water! . . . Ample proof of the wide 
coverage, film toughness, lubricity, and 
basic economy of a ‘dag’ brand 
dispersion. 
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Colloidal graphite is resistant to heat, 
does not react with the die steel, and 
the extremely small particle size permits 
an actual adsorption to the metal sur- 
face. A water carrier eliminates the 
usual smoke and fumes thus affording 
better working conditions and keeping 
die temperatures down. After the car- 
rier evaporates, a dry graphite film re- 
mains which, besides being an efficient 
lubricant, protects the die from the ac- 
cumulation of abrasive dust and scale. 
Die life is extended from 8 to 14 days 
and production increased by the reduc- 
tion in downtime. 

Specially compounded, ready-to-use 
forging lubricants containing ‘dag’ col- 
loidal graphite are available from indus- 
trial lubricant suppliers. If you have a 
forging lubrication problem, it may pay 
you to call in your Acheson Service 
Engineer. 


PORT HURON, MICHIGAN 
A division of Acheson industries, Inc. 


Also Acheson Industries (Europe) Ltd. and affiliates, London, England 
Offices in: Boston © Chica 


ACHESON (Col/ids Company 


forging lubricant. First, it must with- 
stand temperatures which range from 
1950-2200° F. Sprayed on both halves 
of the die it forms a tightly adhering, 
smooth, microscopically-thin film that 
aids metal flow and substantially pro- 
tects the die itself. In many cases, this 
has meant fewer finishing operations 
and therefore higher production, due to 
the improved quality of the blades. A 
compressor blade formerly required four 
blows from upset to finish, with an in- 
termediate heat and tumbling operation. 
Now, this operation is done in only two 
blows from original heat. The savings 

. - $16,000 a year on this part alone! 
Add increased life of these precision 
dies and you can appreciate what a 
‘dag’ colloidal graphite dispersion 
means to efficient forging. Utica finds 
water-based dispersions best for press 
forging, and colloidal graphite in oil 
the best lubricant for hammers. 


Write for additional information con- 
tained in Acheson Bulletin No. 426. 
Address Dept. MP-28. 


e Cleveland Dayton Detroit Los Angeles * Milwaukee 


New York ¢ Philadelphia Pittsburgh © Rochester ¢ St. Louis ¢ Toronto 
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ACHESON 

Reporting uses for . | 


is a layer of solid stainless steel, 
bonded to a heavier outer layer of 
carbon steel. It is recommended for 
chemical, petroleum and nuclear in- 
dustries. 


For further information circle No. 494 
on literature request card, page 48-B. 


in columbium-containing cast and 
wrought stainless parts with less than 
0.10% tantalum. The following per- 
centages of other elements are pres- 
ent: columbium, 65%, silicon 0.10%, 
and carbon 0.02%. 

For further information circle No. 496 


on literature request card, page 48-B. 

Pyrometers 
New model pyrometers have been 
announced by West Instrument Corp. 
A diecast aluminum meter and a set- 


Freezer 

Alpha Electric Refrigeration Co. 
has announced new low temperature 
freezers with ranges of 120 to 
+300° F. These new standard units 
occupy 34 by 28 by 38 in. of space. 
The automatic controls, provided with 


been announced by Titanium Metals 
Corp. Nominal thickness is 3/16 in. 


The large plate was produced for 

chemical process engineers, seeking 

information on large-size plate for —— - 
reactor vessels handling corrosive ting knob with a guard to preserve - 

materials. precise setting are new features. 


For further information circle No. 493 


For further information circle No. 495 
on literature request card, page 48-B. 


on literature request card, page 48-B. 


FerroColumbium 

A new grade of ferro columbium 
has been announced by Shieldalloy 
Corp. It has a columbium-to-tan- 
talum ratio of about 40 to 1. The 
0.8% tantalum content will result 


Clad-Steel Pipe 


A new corrosion-resistant pipe 
made of clad steel in diameters down 
to 4 in. has been announced by the 
Lukens Steel Co. The inside surface 


the standard units, indicate plus or 
minus from —120 to +150° F. Other 
controls are available for higher tem- 
peratures. Units can be modified to 


... just one of many 
uses for DILLON 
FORCE GAUGE 


No matter how varied your 
testing problems, chances 
are you can solve them bet- 
ter, quicker and more accu- 
rately with a compact Dillon 


Carl mayer Hi-Temp, Recirculating Type 


equipment alike. Available 


Force Gauge. In this appli- 
cation, a Walker Magnetic 
Chuck is being tested for 
holding power. The load is 
applied by means of a hand 
wheel which works in con- 
junction with the Gauge. As 
the pressure approaches the 
maximum point, the plate on 
the chuck will slip, causing 
the indicator to move back. 


This is but one of hundreds 
of tests in which Dillon Force 
Gauges are used daily to as- 
sure safety to worker and 


14574F Keswick St. 


MARCH 1958 


in 12 capacities from 0-10 to 
0-50,000 Ibs., these versatile 
instruments precisely meas- 
ure pressure, tensile or 
torque in even the most lim- 
ited area. Overload protected 
and individually calibrated, 
lightweight Dillon Force 
Gauges can be used alone or 
incorporated into special 
testing devices. Max. pointer 
available. Write today for 
free price list and profusely 
illustrated brochure showing 
many other applications. 


W. C. Hillon & COMPANY, INC. 


Van Nuys 14, Calif. 


(suburb of Los Angeles) 


HEAT TREAT FURNACES 


effect large savings in drawing, tempering, ageing, and heat 
treating of such products as bearings, billets, springs, screws, 
tools, gears, etc. in steel or aluminum. Continuous operation 
at temperatures up to 1200° F. Temperature uniformity quar- 
anteed! Gas, oil, or electric fired. 


Write for Bulletin HT-53 


20800 CENTER RIDGE RD. CLEVELAND 16, 


OTHER PRODUCTS: Core & Mold Ovens * Rod Bokers + Paint and Ceramic 
Drying Ovens + Special Processing Equipment & Accessories 
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| 
EFFICIENCY? 


Buying equipment and supplies to perform heat treating operations within 
your own plant is only one step in many that must be considered when contemplating 
the installation or expansion of a heat treating department. 


American Metal Treatment Co. 
Elizabeth, New Jersey 
Anderson Steel Treating Co. 
Detroit, Michigan 
Benedict-Miller, Inc. 
Lyndhurst, New Jersey 
Bennett Heat Treating Co., Inc 
Newark 3, New Jersey 
Commercial Metal Treating, Inc. 
Bridgeport, Connecticut 
Cook Heat Treating Co. of Texas 
Houston Texas 
The Dayton Forging & Heat Treating Co. 
Dayton 3, O 
Dominy Hect Corp. 
Dallas, Texas 
Drever Company 
Philadelphia Pennsylvania 
Greenman Steel Treating Company 
Worcester 5, Massachusetts 
Fred Heinzelman & Sons 
New York 12, New York 


Here are some of the factors that should be included when figuring the cost of 
Operating your own heat treating department—of “doing-it-yourself’ when it 
comes to heat treating: 


@ Technical skill: Trained operators whose skill is the result of years of 
experience are essential 


@ Maintenance: Rapid deterioration of equipment occurs unless there is con- 
stant repair, maintenance, and skillful handling of the equipment 


@ Quality control: Testing equipment and skilled operators are necessary to 
maintain uniformity and quality control of all heat treating operations 


@ Sufficient equipment and supplies: A great variety of equipment is needed 
to meet the requirements of annealing, brazing, hardening, carburizing, 
stress relieving, nitriding, and all other heat treating processes; and an 
endless variety of materials and supplies must be kept on hand. 


These problems and many more have been solved by commercial heat treaters. 
They have the answers because heat treating is their business. 


Every MTI commercial heat treater listed here is a specialist with complete 
service facilities under one roof. Each one has the facilities, equipment, skill and 
experience which will enable him to meet your most exacting heat treating 
requirements. 


New England Metallurgica! Corp. 
South Boston 27, Massachusetts 
Owego Heat Treat, Inc. 
Apalachin, New York 
Paulo Products Company 
St. Louis 10, Missouri 
Commercial Heat Treat'ng Co. 
Alfred Heller Heat Treating Co. Pittsburgh |, Pennsylvania 
New York 38, New York Pittsburgh Metal Processing Co., Inc 
Hollywood Heat Treating Co. Pittsburgh 15, Pennsylvania 
Los Angeles 38, California The Queen City Steel Treating Co. 
° Ltd. 4 Cincinnati 25, Ohio 
oronto, Ontario, Canada J. W. Rex Company 
of Inc. Lansdale, Pennsylvania 
ocktord, inois 
LR Host Tresting Company Stowleriford 12, Connecticut 
The Lakeside Steel Improvement Co. Son. 
Cleveland |4, Ohio OEE PRONE, 
Metallurgical, Inc. Syracuse Heat Treating Corp. 
lis 14, Mi t, Syracuse, New York 
Metallurgical, Inc. Temperature Processing Co. 
Kansas City 8, Missouri North Arlington, co Jersey 
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to recognize 


Superior Quality 


brass and 
aluminum 


bearing this trademark identification 


SCOVILL MANUFACTURING COMPANY 
MILL PRODUCTS DIVISION, 99 MILL ST. 
WATERBURY 20, CONN. PHONE PLAZA 4-1171 


_ 
SCOVILL 


Starting with unique CONTINUOUS-CAST billets, advanced Scovill 
production methods bring screw machine operators a far superior brass rod 
that is UNIFORM in alloy analysis, UNIFORM in closely controlled temper, 
and UNIFORM in ideal machining qualities. 


This means that you can maintain maximum machine speeds 
with assured high standards of precision and product finish. . . 


with fewer rejects . . . and with excellent tool life. 


Always specify SCOVILL :Ht:G:H =SP-€£:D BRASS ROD (free-cutting). . 


MADE IN USA 


| oud the BEST ite your fabsicaled, product 


a . - = q 
| 
fey OV i L L 
Bh rs Scovill Manufacturing Company, Mill Products Division, 99 Mill Street, Waterbury 20, Connecticut. Phone Piaza 4-1171. 
19857 


Detivery end of Drever gas-fired radiant tube heated 
wertical annealing fufnace for silicOm steel. strip 
installed at Empire Stee! Corporation, Mansfield, Ohio. 


Red Lion Rd. & Philmont Ave. 
BETHAYRES, PAL” 
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This furnace was designed and installed by the Drever Com- 
pany to produce & tons per hour of silicon steel strip. The heating 
and soaking zones are gas-fired radiant tube heated; the tubes 
ffaving a connected load of 13,500 CFH of natural gas. 


The furnace has been engineered to handle silicon steel! strip 
in thicknesses from 0.017” to 0.025”, in widths from 24” to 
42”, and for speeds from 60 to 180 FPM. 


Drever continuous annealing lines for Tin Plate, Gatvanized 
Stock, other Low Carbon Steel and Non-Ferrous Strip in capaci- 
ties upto 30 tons per nour, provide an economical investment 
in tonnage producticn of quality material. 
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PROBLEM 


Low-Hydrogen 
Electrodes 


PaH Low-Hydrogen electrodes give 
you industry’s widest choice of alloys 
for welding “difficult” steels. There’s 
a chemical analysis to match most 
parent metals. 

Welds are of X-ray quality, with great- 
er ductility at high tensile strength, 
and better impact properties. For 
more detailed information, write for 
Bulletin R-29, Dept. 301E , Harnisch- 
feger Corp., Milwaukee 46, Wisconsin. 


HARNISCHFEGER 


WELDERS + ELECTRODES 
POSITIONERS 


provide viewing windows, casters and 
other recording or indicating instru- 
ments. 


For further information circle No. 497 
on literature request card, page 48-B. 


Barrel Finishing 

A 6-station automatic barrel finish- 
ing system, mounted on a turntable 
and equipped with a memory device, 
has been announced by Almco, Queen 
Products. It automatically rotates 
completed work to a single operator 
station for unloading and reloading. 
As the operator loads each barrel, he 


sets its timer for a prescribed process- 
ing cycle. The timed-out barrel is 
rotated to his station when the work 
has been completed. Each barrel is 
individually timed and the new sys- 
tem will simultaneously deburr and 
finish parts requiring time cycles 
from 15 min. to 50 hr. 


For further information circle No. 498 
on literature request card, page 48-B. 


Shell Core Blower 


Harrison Machine Co. has an- 
nounced a low pressure (10 to 25 
lb.) shell core blower for the small 
foundry. It is a manually operated, 
2-station shuttle-type machine which 


permits the making of a variety of 


& 

| 7 4, 
cores on each end. Each station ac- 
commodates core boxes up to 4% by 
10 by 15 in. The feeder has a capacity 
of 200 lb. of phenolic resin coated 
sand. Each station has roll-over ac- 
tion, center pivoted. 
For further information circle No. 499 


on literature request card, page 48-B. 


Gpoectales IN 


NICK EL-BEARING.. 
ALLOY 


- ISTIN 
*Development 
 *Fabrication 
MISCO Engineered 
BASKETS TRAYS 
RETORTS * HOODS 

BOXES * MUFFLES 

FIXTURES 


Specify MISCO 


DESIGN and FABRICATION 
IT COSTS NO MORE! 


MISCO FABRICATORS, INC. 


. Builders, Fr bricators of Heat Resisting Alley 
and St.sntess Steel Equipment 


2420 Wills Ave que . Marysville, Michigan 
Telephone: YUKON 5-619! 
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Mechanize your weldment handling with 
Welding Positioners 


P&H Welding Positioners can often cut labor 
costs in half by pro-“ding faster, safer, mech- 
anized weldment handling. With these modern 
machines, operators merely press a button to 
quickly spot the work so that all welds are 
made downhand — in the natural position. 
Downhand welding pools more evenly, per- 
mits the use of larger, “hotter” rods — fre- 
quently cuts the number of passes from 3 to 1. 
As a result, you get more arc-time plus bet- 
ter welds. Your weldors turn out more work 
each day and like it — they don’t have to work 
in cramped, awkward positions that reduce 
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efficiency. You eliminate waiting for cranes, 
and the use of extra helpers for repeated re- 
positioning. 

These money-saving machines are available 
from P&H with full 360° table rotation, 135° 
tilt, and power elevation even under capacity 
loads. (500 to 100,000 pound capacities.) Write 
today for “What You Should Know About 
Welding Positioners.” Address Dept. 305E, 
Harnischfeger Corp., Milwaukee 46, Wisconsin. 


HARNISCHFEGER 


WELDERS ¢ ELECTRODES ¢ POSITIONERS 


a 
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TAKE THE 
SIN oF srowace 
OUT OF 
SINTERING 


with Hayes 
“application- 
rated” 


For Ferrous or Non-Ferrous Powder Compacts, Hayes has an atmosphere or a 
vacuum furnace to suit your sintering needs . . . in research, pilot production, 
quantity production, or specialty sintering. For optimum results at lowest cost, 
request complete data on any furnace shown .. . or for unusual applications, request 


obligation-free “Results Guaranteed” recommendations. 


4 


FOR RESEARCH and PRODUCTION 
Hayes Type MY furnaces (molybdenum- 
wound element) provide uniform heat to 
over 3000° F. These low cost units can be 
used with variety of reducing atmospheres 
...are perfect for sintering research . . . or 
production at high temperatures. Hayes 
high temperature vacuum cold-wall fur- 
naces also provide production facilities for 
applications over 3000° F. 


FOR PILOT PRODUCTION Hayes Type 
BA-M pusher furnaces are inexpensive, 
offer controlled-atmosphere, straight- 
through models with water-cooled cooling 
chambers. Suitable for batch, manual or 
automatic pusher operation . . . up to tem- 
peratures of 2150° F. Wide size range to 
suit any pilot-scale project on powdered 
metal compacts. Also available in conveyor 


type furnaces for production use. 


furnaces! 


te 
—= 


FOR QUANTITY PRODUCTION Hayes Type LAC conveyor furnaces: belt furnaces 
offer continuous, automatic, uniform sintering of compacts at temperatures up to 2100° F. 

. with pusher type handling heavier parts requiring temperatures to 2350° F. Both 
designs offer zone temperature control . . . and preheat sections, if desired . . . making 
standard units suitable for stainless steel work. 


FOR SPECIALTY SINTERING Hayes Type 
BA pusher furnaces are special, wide-temper- 
ature-range sintering and impregnating fur- 
naces suitable for 2350° F operation. Can be 
used with varied atmospheres . . . with auto- 
matic, electro-hydraulic pusher system for 
maintaining constant time/temperature cycles 
for batch or production. 


ACT Now! Request complete data on 


these furnaces, on atmosphere equipment, or 
any allied products in Hayes well-known 
CERTAIN CURTAIN electric furnace line. 
Write today! 


Please send me complete data on sintering equipment suit- 
able for: 


RESEARCH 

PILOT PRODUCTION 

QUANTITY PRODUCTION 

SPECIALTY SINTERING (You name it!) 


-ERTA 4 
ELECTRIC, FURNACES 
ATMOSPHERE EQUIPMENT 


Cc. i. HAYE S, inc. 


Established 1905 


802 WELLINGTON AVE. . CRANSTON 10, R. |. 


State 
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501. Abrasive Cleaning 

Folder on Malleabrasive for airless blast 
cleaning equipment gives advantages, 
grades, equipment it can be used with 
and parts that can be cleaned. Globe 
Steel Abrasive 


502. Abrasive Cleaning 

Catalog 57-WX on brush types, sizes, 
speeds, filaments. Aids to power brush 
selection. Pittsburgh Plate Glass 


503. Abrasive Cutting 
Bulletin DH-460-B on machine models 
and capacities. Campbell Machine Div. 


504. Air Dryers 

Bulletins D-102, D-103 and D-106 on 
steam and electric reactivated air and 
gas dryers. Flow diagrams, operation. C. 
M. Kemp 


505. Alloy Chart 

Comparison of AISI, SAE, ACI, AMS, 
WAD and PWA chromium and chro- 
mium-nickel stainless specifications. Can- 
non-Muskegon 


506. Alloy Steel 

16-page book on type 9115 low-alloy 
high-strength steel. Properties, fabrica- 
tion, welding. Great Lakes Steel 


507. Alloy Steel 


40-page book on applications of heat 
treated, special alloy steel. Jones & 
Laughlin 


508. Aluminum 

16-page bulletin lists sizes, weights, 
lengths of aluminum in rod, bar, plate, 
sheet. Guide to selection, finishes, me- 
chanical properties. Ryerson 


509. Aluminum Cleaner 

Data sheet on acid solvent cleaner for 
aluminum and its alloys. Northwest 
Chemical 


510. Aluminum Extrusions 
Catalog of stock extrusion dies. Jarl 
Extrusions 


511. Aluminum Finish 

Bulletin on new invisible finish for 
aluminum describes Alodine No. 1000 and 
includes flow sheet for immersion process. 
American Chemical Paint 


512. Aluminum Strip 

20-page booklet on how it is made, 
sizes and weights of coils. Technical data 
on aluminum alloys used. Scovill 


513. Ammonia 

New 69-page data book on anhydrous 
ammonia and ammonia liquor. Chemical 
and physical properties, specifications, 
analytical procedures, bibliography. Ni- 
trogen Div. 


514. Ammonia Dissociator 
12-page bulletin B-53 on ammonia dis- 

sociation equipment. Sizes and capacities, 

testing unit, cost chart. Drever Co. 


515. Ammonia for Heat Treat 
Booklets on “Applications of Dissociated 
Ammonia”, “Ammonia Installations for 
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Metal Treating’, “Nitriding Process”, 
“Carbonitriding’. Armour 


516. Annealing 

Bulletin SC-146 on cycle annealing in 
atmosphere and direct-fired furnaces. 
Steels annealed and hardnesses obtained. 
Surface Combustion 


517. Atmosphere Furnace 
Bulletin on controlled atmosphere fur- 
nace. Industrial Heating Equipment 


518. Atmospheres 

12-page booklet on design and use of 
special atmospheres for industrial fur- 
naces. Continental Industrial Engrs. 


519. Boron Additive 

6-page article on use of grainal as 
boron additive alloy and properties of 
grainal steels. Vanadium Corp. 


520. Brazing 

Brazing News No. 78 tells of silver 
brazing’s characteristics. Case histories. 
Handy & Harman 


521. Burner 

New Bulletin 109 on combination gas 
and oil burners. Description and output 
data. Thermal Research & Engineering 


522. Carbides 

15 data sheets on Carmet carbide grades. 
Typical applications, analysis, physical 
characteristics and grain structure. Al- 
legheny Ludlum Steel Corp. 


523. Carbides 

76-page catalog 56-G of sintered car- 
bides, hot pressed carbides, cutting tools, 
drawing dies, wear resistant parts. Metal 
Carbides 


524. Castings 

Literature on shell or sand castings of 
ArmaSteel, malleable iron or gray iron. 
Central Foundry Div. 


525. Chemical Milling 

New 10-page booklet describes chemical 
milling. hat it is, its advantages, ap- 
plications, how it is done and to what 
metals. U.S. Chemical Milling Corp. 


526. Chromate Finishing 

File on chromate conversion coatings 
for prevention of corrosion and paint- 
base treatment of nonferrous metals. 
Allied Research Products 


527. Chromium Stainless 
12-page book on fabrication and use of 
Type 430 stainless steel. Sharon Steel 


528. Clad Extrusions 

6-page Bulletin 10 on extrusions of 
two combined metals. Combinations avail- 
able, techniques of production. Nuclear 
Metals 


529. Cleaner 

Data sheet No. 45 on how to use nonetch 
soak cleaner for aluminum, brass, cop- 
per, lead and ferrous alloys. MacDermid 


530. Cleaner 


Service report on composition for re- 


verse current cleaning of steel. Applica- 
tion cycle. Oakite 


531. Cleaning 


Data on ultrasonic cleaning equipment 
gives specifications and operation. Bran- 
son Instruments 


532. Coated Metals 


_ New bulletin on roll coating shows how 
it is done and includes samples. Roll 
Coater, Inc. 


533. Coated Pipe 

4-page folder on new plastic-coated 
steel pipe and tubing. How it solves the 
— of pipeline corrosion. Republic 
tee 


500. Welding Steel 
Castings 
Recommended practice for 
repair welding and fabrication 
welding of steel castings is dis- 
cussed in this 52-page booklet. 
Welding methods in general are 
considered, followed by a de- 
scription of various types of 
electrodes. 18 pages of tables 


give trade names, manufactur- 
ers, classifications, properties of 
all classes of electrodes. The 
booklet closes with specific rec- 
ommendations for welding 22 
low-alloy and carbon-steel cast- 
ings. The data were developed 
from a research project spon- 
sored by the Steel Foundry Re- 
search Foundation. Tempil' 


Corp. 


534. Coatings 

8-page brochure describes catalytic pro- 
tective coatings. Industrial usage. Indus- 
trial Finishes Co. 


535. Compressors 

12-page data book 107-D gives engi- 
neering information on characteristics of 
turbo-compressors. 18 types of application 
described. Spencer Turbine 


536. Conveyors 

Bulletin MF-200 on conveyor standard- 
ization describes prefabricated sections 
for making customized conveyors. May- 
Fran Engineering 
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=> LOW TEMPERATURE SILVER BRAZING ALLOY 


Brazed assemblies come swiftly off the busi- 
ness end of a sound, efficient production line 
developed at Maytag. In this operation a bot- 
tom plate is brazed to the center shaft and 
sleeve used in the Maytag No-Vent Clothes 
Dryer. 

The technic is simplicity itself—yet it makes 
for peak production and excellent brazing 
results. Briefly, Silvaloy Preformed rings are 
stored on a sleeve of a diameter equal to that 
of the center shaft. Rings are easily, rapidly 
slipped from sleeve to shaft—bottom plate is 
positioned bly is placed in a fixture 
and brazed. 

Maytag Washing Machines and Clothes 
Dryers are built for long, dependable service. 
High production standards are therefore a 
“must” at Maytag. Brazing operations are 
kept to that standard with the aid of Silvaloy 
Low Temperature Brazing Alloys and APW 
Fluxes. 

Silvaloy Brazing Alloys and APW Fiuxes 
are helping to speed production, lower costs 
The Maytag trademark is a and improve brazing results in many fields. 
recognized sign of quality in Call your nearest 
every consumer market where Silvaloy Distribu- 


issold. *% * * * assistance. * * 


These two complete reference manuals for low temperature silver 
brazing and fluxing are available upon request. Send for either one or both. 


78s SILVALOY DISTRIBUTORS 


A.B.C. METALS CORPORATION EDGCOMB STEEL COMPANY OLIVER H. VAN HORN CO., INC. STEEL SALES CORPORATION 


DENVER, COLORADO oe on oe NEW ORLEANS, LOUISIANA CHICAGO, ILL. «MINNEAPOLIS, MINN. 
MD. PA. FORT WORTH, TEXAS HOUSTON, TEXAS INDIANAPOLIS, IND. KANSAS 

BURDETT OXYGEN COMPANY GREENSBORO, N.C. GREENSVILLE, S.C. CITY, MO. » GRAND RAPIDS, MICH 

CLEVELAND + CINCINNATI 4 
ETROIT, MICH. + ST. 1S, MO. 

COLUMBUS + AKRON + DAYTON EDECOMS STEEL OF WEW ENGLAND, inc. PACIFIC METALS COMPANY LTD. © ST. LOUIS, MO 

YOUNGSTOWN «+ MANSFIELD FINDLAY MILFORD, CONNECTICUT SAN FRANCISCO, CALIFORNIA 

NASHUA, NEW HAMPSHIRE SALT LAKE CITY, UTAH 

EAGLE METALS COMPANY LOS ANGELES, CALIFORNIA LICENSED CANADIAN MANUFACTURER 

SEATTLE, WASH. + PORTLAND, ORE. NOTTINGHAM STEEL & ALUMINUM CO. SAN DIEGO, CALIFORNIA BAKER PLATINUM OF CANADA, LTD. 

SPOKANE, WASH. CLEVELAND, OHIO PHOENIX, ARIZ. TORONTO + MONTREAL 


AMERICAN PLATINUM & SILVER DIVISION 


231 NEW JERSEY RAILROAD AVE. + NEWARK 5, N. J. 
NEW YORK * PROVIDENCE * CHICAGO + SAN FRANCISCO * LOS ANGELES 
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TEMPERATURE. | 

BAAZING ALLOYS 
Ali FLUXES 


THE CRAYONS 
THAT TEL 
TEMPERATURES | . 


IT'S THIS SIMPLE 


@ Select appropriate 


TEMPILSTIK® for the 
working temperature 
you want. 


® Mark your workpiece 
with it, 


®@ The TEMPILSTIK® mark 
melts as soon as its 
temperature rating has 
been reached. 


Accuracy 
within 1% of 
rated melting 


point. 

Also available as 
TEMPILAQ® (liq- 

vid form) and 
TEMPIL® PELLETS 


j 63 different tem- 
perature ratings 
available 


For information and samples, 
send coupon 


ago 
| 
| 134 West 22nd St.,New York 11,N.Y. | 
Send information on: 
TEMPILSTIK® TEMPILAQ? ' 
TEMPIL® PELLETS 
1 (© Send booklet “How Temperatures ! 
ore Measured” 
Send sample pellets for °F 
temperature 
Nome 
1 Address 
| City 
State 


Visit our Booth No. 207 at the St. Louis Welding 
Show—April 15-17, 1958 
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537. Copper Alloys 

28-page specification index compares 
trade names and specifications of various 
Compositions of Anaconda 
alloys. American Brass Co. 


538. Corrosion 

Data sheets on caustic embrittlement, 
galvanic corrosion. Chemical Plants Div., 
Blaw-Knoz Co. 


539. Creep Testin 

Bulletin 4420 describes long-time creep 
test machines, creep-rupture machines 
and relaxation machines. Baldwin-Lima- 
Hamilton 


540. Cutting Oil 

Bulletin 39 on transparent cutting oil 
which is designed for use on a wide 
variety of steels. Sun Oil Co. 


541. Dehydrators 

New Bulletin SC-1013 on dehydrators 
for carbon dioxide, carbon monoxide, 
hydrocarbons, nitrogen, oxygen, natural 
gas, hydrogen and others. Operation and 
construction. Selas 


542. 
10-page Bulletin 203 on furnaces used 
for ium hydride descaling. A. F. 


Holden 


543. 

Bulletin 1184 on descaling salt for de- 
sanding and cleaning castings. Hooker 
Electrochemical 


544. Die Castings 


20-page reprint of findings of 31 Euro- 
— experts on die casting industry. 

achines, die design and construction, 
metallurgy, Apex 
Smelting Co. 


545. Ductile Iron 

New 18-page bulletin gives advantages 
and applications of ductile iron. Prop- 
erties. Nickel 


546. Electric Furnaces 

Data sheet describes and gives specifi- 
cations of standard nonmetallic resistor 
furnaces. Harrop Electric 


547. Electric Furnaces 

16-page Bulletin No. 559 on melting, 
investment casting and other furnaces. 
Capacities and special features. Detroit 
Electric Furnace 


foundry practice. 


548. Electric Furnaces 

8-page Bulletin 570 on heat treating, 
melting, metallurgical tube, research and 
sintering furnaces. Custom designs for 
special requirements. Pereny 


549. Electric Furnaces 

12-page bulletin on furnaces for harden- 
ing high-speed steel. Diamond block 
method of atmospheric control. Sentry 


550. Electric Heating 

4-page bulletin on electric heating 
elements for pipe, tube and tank heat- 
ing. Sizes, temperature control, element 
life and installation discussed. Cooley 
Electric Mfg. Corp. 


551. Electrocoated Wire 


8-page bulletin on new wire materials 
—Nickelply and Brassply, electrocoated 
steel wire. How it may formed, bent 
and twisted without breaking the coat- 
ing. National Standard 


552. Endothermic 


Atmospheres 
16-page reprint on endothermic atmos- 
pheres for heat treatment of steel. Effect 
of temperature on atmosphere. Calculat- 
ing analysis. Electric Furnace Co. 


553. Firebrick 


28-page bulletin R-34 on pr ties and 
characteristics of 5 kinds of firebrick. 
Typical applications. Tables of brick 
quantities for arches of different sizes 
and shapes. Babcock & Wilcox, Refrac- 
tories Div. 


FREE YODER BOOKS 
OFFER “KNOW-HOW” 
on *ROLL FORMING 


TUBE MAKING 
SLITTING 


COLD-ROLL FORMING 


Structural, ornamental and | 
tubular shapes from stock up to 
4” thick. Surface finish, uni- 
formity, stock selection and char- 
acteristics, plating problems, 
production costs, end uses 
and applications. Auxiliary 
automatic Operations 
including perforating, 
notching, welding, 
coiling, embossing. 
88 pages, fully 
charted and 
illustrated. 


PIPE AND TUBE MAKING 


Ferrous or non-ferrous, electric 
weld, resistance and induction or L. 
gas types. Small or large diame- 
ter. Tooling, welding, stock 
ranges personnel training, 
quality and tolerance con- y 


trol, speeds, power con- 


sumption, annual pro- 
duction rating charts. 
64 pages, fully 


illustrated. 
SLITTING 
Operating techniques, time 
studies, analyses of operating & 


cycles, coil handling, scrap 
disposal, selection of slit- 
ters and setting up of 
slitting lines, including 
coilers and recoilers. 
Advantages of slit- 
ting and how to 
compute “profit- 
point”. 76 pages, 
fully illustrated. 

Any orallof these 
books are free upon 

requests. Send for your copies 
today ... Ask for them by title. 


THE YODER COMPANY 


5595 Walworth Ave. © Cleveland 2, Ohio 


LULU RU 


YODER 


39 


| | | 
| 
| 
| 
- 
Cc. 
ACHINES | 


Better Chains... 


BEGIN WITH | 


Cy 


Tough, rugged—yet ductile steels, 
developed and held to exacting specification 
coii after coil—that’s why chainmakers 
who once try Sharon Chain Steels 
become regular buyers. 

If you are in the business of making 
chain, why not talk to Sharon metallurgists 
and take advantage of the first-hand 
knowledge of chain steels that comes from 
years of developing special alloys for the 
chain industry. 


SHARON STEEL CORP. 


SHARON, PENNSYLVANIA 


CHAIN STEELS | 

4 


an 


554. Flow Meters 


Bulletin 203 on flow meter for gas used 
in heat treating. Waukee Eng’g 


555. Flow Meters 

New 22-page Bulletin F-1607 on flow 
meters. Uses and characteristics. Tables 
of flow calculations. Bristol Co. 


556. Forgings 

94-page book on die blocks and heavy- 
duty forgings. 20 pages of tables. A. 
Finkl & Sons 


557. Forgings 

Bulletin on forge steelmaking, open 
die cane, machining, heat treating and 
finishing. National Forge 


558. Forgings 

Folder on facilities for production of 
flat-die forged products. Electronic equip- 
ment used. Smith-Armstrong 


559. Formed Shapes 

26-page catalog No. 1555 contains draw- 
ings and dimensions of more than 100 
shapes. Roll Formed Products Co. 


560. Furnace 

Bulletin HD-1057 describes shaker 
hearth furnace. Use, operation tempera- 
true control, quench system and con- 
struction. Hevi-Duty 


561. Furnace Belts 

42-page booklet on alloy steel belts for 
continuous high-temperature furnaces. 
Belt selection guide. Wickwire Spencer 


562. Furnace Fixtures 

16-page catalog on baskets, trays, fix- 
tures and carburizing boxes for heat 
treating. 66 designs. Stanwood 


563. Furnaces 

Bulletin on graphite tube furnaces for 
temperatures to § F. Operating lim- 
itations, auxiliary and control equip- 
ment. Harper Electric 


564. Furnaces 

New Bulletin No. 468 on lead pot fur- 
naces designed for hardening and temper- 
ing. C. I. Hayes, Inc. 


565. Furnaces 
Data on recirculating furnaces. Temper- 
ature range 300 to 1650°F. J. A. Kozma 


566. Furnaces 
Lists of surplus furnaces for sale. Joe 
Martin Co. 


567. Furnaces 

32-page catalog of industrial equipment 
includes furnaces and furnace acces- 
sories, special valves, mechanical equip- 
ment, materials handling equipment. 
Salem-Brosius 


568. Furnaces 


Folder describes complete setup for 
heat treatment of small tools, including 
draw furnace, quench tank and high tem- 
perature furnaces. Waltz Furnace 


569. Galvanizing 

Story of galvanizing fencing at Colo- 
rado Fuel & Iron in Metal Minutes, Aug.- 
Sept. 1957. Sunbeam 


570. Hand Grinding 

12-page article in Metal Digest, V.2, 
No. 4 describes the technique of wet hand 
grinding of metallographic specimens. 
Buehler, Ltd. 


571. Tester 
20-pa book on hardness testing by 
Rockwell method. Clark Instrument 


572. Hardness Tester 

Bulletin on Brinell testing with test 
ee for deep and offset testing. King 
ester 
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Detroit 
GM Series 
ROCKING 
Electric 


Furnaces 


Type GMT 
100 Ibs. 


Type GMS 
60 ibs. 


lining life. Electrodes are inde- 

ndently mounted for easy shell 
interchange. Types GMS and GMT 
Furnaces are sold complete with 
transformers, ready for installation. 
Write today for full information. 


With these Detroit Rocking 
Electric Furnaces, you can melt 
small quantities of any ferrous or 
non-ferrous alloy to the required 
analysis at economically. 


Indirect arc melting provides ac- 
curate heat control plus minimum 
carbon pickup. Automatic rocking 
action assures homogeneous alloy- 
ing, full heat utilization and longer 


DETROIT ELECTRIC FURNACE DIVISION. 
ELECTRIC COMPANY 
«1080 26th St. + BAY CITY, MICHIGAN. 


Foreign Representatives: in BRAZIL—Equipamentos industrias, “Eiso” Lid, Soo Povlo; CHILE, “ARGENTINA, PERU and 
VENEZUELA: M Castellvi 150 Broadway, New York 7, N. Y.; MEXICO: Cio P de | , Atenas 32-13, 
Aportodo 2743, Mexico 6, D F., Mexico; EUROPE, ENGLAND: Birlec, Lid., Birminghom. 


PSC Sheet Alloy RadiantTu 


Demonstrate If you are using cast alloy tubes, 
. we can quote you substantially less on 
This our all-sheet alloy tubes. And, with dies on 
hand for many commonly used sizes of return 
bends, we can frequently save our customers this 
important cost. Records of scores of installations show PSC “Thin Wall” tubes are giving much 
longer service life. For instance, Michigan Malleable Iron Co. reports: 
“We show an average life of over 3% years for your fabricated tubes, 
which is about double our experience with cast alloy tubes”. In PSC 
tubes the return bends are of the same metal and thickness as the legs, 
promoting uniform flow of gas and minimizing carbon build-up and conse- ee 
quent burn-out. Precision-assembled in any design or dimension. Also : ‘1 [ 
sheet-alloy heat-treating retorts and covers, boxes, baskets, fixtures, sy me 
tubes, etc. We invite your inquiries. A 


Send for PSC Heat-Treat Catalog 54 


For Research and Small Production 
4 
— 
Us 
ae THE PRESSED STEEL CO. - Wilkes-Barre, pa 
41 


THE CHASE 


PLUS FOR SHERRON METALLIC 


Permanent “silencers” for noisy phone booth doors 


Largest independent maker of telephone booths, 
Sherron Metallic Corporation came to Chase Brass 
engineers with a problem. They wanted a 76” 
long hinge pin for doors on their all-metal out- 
door-indoor booths, a pin that had to resist ex- 
tremes of heat and cold, operate without squeaks, 
never corrode or bind. 


Working with Cuase, Sherron designed a spe- 
cial brass shape with lengthwise grooves, machined 
to extremely close tolerances. These grooves are 


packed with a special all-weather lubricant. In- 
stalled in the Sherron booth, they give lifetime 
service without further maintenance. 


CHASE engineering can help you solve a prob- 
lem—either by designing special shapes like this 
one, or by choosing the right alloy for your needs 
in strip, sheet, rod, tube, or wire by CHAse of Ken- 
necott Copper. Talk over the details of your own 
specific problem with Cuase—either locally or at 
Waterbury 20, Connecticut. 


You can get the right alloy from... Chase P: 


BRASS & COPPER CO. 


WATERBURY 20, CONNECTICUT 
SUBSIDIARY OF KENNECOTT COPPER CORPORATION 


The Nation’s Headquarters for Brass, Copper and Stainless Steel 
Atlanta Baltimore Boston Charlotte Chicago Cincinnati Cleveland Dallas Denver Detroit Grand Rapids Houston Indianapolis Kansas City, Mo. Los Angeles 
Milwaukee Minneapolis Newark New Orleans New York (Maspeth, L.1.) Philadelphia Pittsburgh Providence Rochester St.Louis San Francisco Seattle Waterbury 
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TUBING 


TO MEET ALL SPECS 
010" To 1.000” 


TOPS IN QUALITY 


Precision Tubing consistently is 
unequalled and unsurpassed in 
comparative quality tests of ac- 
curacy, temper, straightness and 
roundness. With Precision you 
are always sure of extra quality 
at no extra cost—sells at regu- 
lor mill prices. Available in 
sizes from .010” to 1.000” O.D. 
in copper, brass, aluminum, 
nickel and nickel alloys, Ni- 
Span “C”, phosphor bronze and 
nickel silver. Accurately drawn 
seamless capillary tubing in 
straight random lengths or coils. 


Write for folder “Small Tubing 
For Industry” to Dept. 3A, Pre- 
cision Tube Co., North Wales, 
Penna. 


A RECISION 


_ TUBE COMPANY 
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573. Hardness Tester 

Data on portable hardness tester with 
Rockwell and Brinell scales. Mechanical 
Devices 


574. Hardness Tester 

4-page bulletin on portable metal hard- 
ness tester for any shape or metal. Ranges, 
features. Newage Industries 


575. Hardness Tester 

Catalog 72-1 on Leitz miniload tester 
for Vickers and Knoop hardness tests. 
Opto-Metric Tools, Inc. 


576. Hardness Tester 

13-page booklet on microhardness 
tester with optional Vickers or Knoop 
diamond. Geo. Scherr 


577. Hardness Tester 

Data on hardness testin 
with equivalent Brinell an 
numbers. Shore Instrument 


578. Hardness Testers 

4-page bulletin on hardness tester for 
regular and superficial Rockwell tests. 
Special features and accessories. Torsion 
Balance 


579. Heat Treat Pots 
Catalog on pressed steel pots for lead, 
salt, cyanide, oil tempering and metal 
Eclipse Industrial Combustion 
v. 


scleroscope 
Rockwell C 


580. Heat Treating 

Loose leaf data sheets on heat treating 
oils, salts, carburizing compounds. Park 
Chemical 


581. Heat Treating Belts 

Catalog of conveyor belts and data for 
their design, application and selection. 
Ashworth Bros. 


582. Heat Treating Fixtures 
4-page folder on retorts, baskets, trays, 

carburizing boxes, fans for heat treat- 

ing. Aluminum & Architectural Metals 


583. Heat Treating Fixtures 
Folder on carburizing boxes, trays, 
heat treat fixtures and baskets. Misco 


584. Heat Treating Fixtures 

24-page catalog on heat and corrosion- 
resistant equipment for heat treating and 
chemical processing. 30 classifications of 
equipment. Pressed Steel 


585. Heat Treating Fixtures 

New 32-page catalog G-10A lists process 
equipment, heavy welded fabrications, 
muffies, trays, fixtures for furnaces, heat- 
treating equipment, pickling equipment. 
Rolock 


586. Heat Treating Furnaces 

12-page booklet on various heat treat- 
ing furnaces contains chronology of ad- 
vances. Holcroft 


587. Heat Treating Furnaces 
Folder on industrial furnaces. Continu- 
ous designs. Insulation. Pacific Industrial 


588. Heat Treatment 

Bulletin 200 on car hearth, rotary hearth, 
belt, chain, pusher, and “hi-head” fur- 
pit, roller hearth, belt, chain, pusher, and 
“hi-head” furnaces. R-S Furnace 


589. Heaters 
Bulletin on immersion heaters for 
electroplating solutions. Glo-Quartz 


590. Heaters 

16-page publication GEA-5866 gives 
case histories of use of tubular heaters 
in shrinking machinery, extruding ma- 
chines, radiant ovens and paint heaters. 
General Electric 


591. High-Strength Bronze 

12-page booklet on telnic bronze with 
high strength, high hardness, good ma- 
chinability, age hardenability, corrosion 
resistance. Chase Brass 


Highly ‘accurate 

2-MINUTE 

analysis 


Determine carbon content in just 
2 minutes! Nocomplicated math- 
ematics; eliminates costly time- 
consuming routines. Accurate 
analysis of borings, mill chips, 
crushed samples, pel- 

lets, etc. Dietert- 

Detroit testing equip- 

ment widely 

used in company 

laboratories and 

institutions of 

every descrip- 

tion for over 18 

years. 


DIETERT- 
DETROIT 


CARBON 
Determinator 


“SULFUR DETERMINATORS ALSO AVAILABLE 


for the asking 


Free Dietert-Detroit 16 page 

Catalog illustrates both Car- 

bon and Sulfur Determina- 

tors and complete line of 
f accessory equipment. 


HARRY W. DIETERT CO. 


CONTROL EQUIPMENT 


9330 ROSELAWN DETROIT 4, MICHIGAN 
Send me your Carbon-Sulfur Determinator Catalog 
NAME 


COMPANY__ 
cry. 
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100 HOUR RUPTURE CURVE 


MANY VACUUM INDUCTION MELTED METALS AND ALLOYS CAN NOW BE PRODUCED IN HEAT SIZES UP TO 5,000 LBS. BY UTICA METALS DIVISION 


announcing Udimet GOO and 700 


for a wider range of applications at elevated temperatures! 
vacuum induction 


With the development of these two new alloys, the Utica Metals Division of Kelsey-Hayes motiing develope 
scores another materials “break through” with vacuum induction melting. Producible only by the ~~ 
vacuum induction melting process, Udimet 600 and 700 surpass the elevated temperature > tay ee 
properties of any cther known alloy which can be produced in quantity for critical high-temperature, we teneghonn: = 
high-stress requirements. They not only possess excellent stress-rupture qualities but also exhibit a orate ney 
high tensile strength at temperatures above 1500°F. Increased tensile strength 
Like Udimet 500, Udimet 600 is now available in production quantities. Udimet 700 is available for 

development applications. Write for complete information. 


UTICA METALS o> KELSEY-HAYES 


Greater yield strength 
Greater impact resistance 
Greater creep properties 


KELSEY-HAYES Co. oDa$ UTICA 4, NEW YORK 


SOME ALLOYS COVERED BY U.S. PATENT #2809110 
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592. High-Strength Steel 


48-page book on T-1 steel, its properties 
and applications. U.S. Steel 


593. High-Temperature Alloy 
Property data for 21% Cr, 9% Ni heat- 
resistant alloy. Electro-Alloys 


594. High-Temperature Alloy 
Bulletin 106 gives data on Type 321 

stainless and contains temperature range 

chart for six alloys. Rolled Alloys 


595. High-Temperature Alloy 

14-page bulletin on Udimet 500 gives 
composition, heat treatment, machinabil- 
ity, hot working characteristics and prop- 
erties. Utica Metals Div. 


596. High-Temperature Alloys 

“Haynes Alloys for High-Temperature 
Service” summarizes all available data 
on 10 superalloys and lists physical and 
mechanical properties of two newly de- 
veloped alloys. Haynes Stellite 


597. Indicators 

Data sheet ND46-33 (23) on electronic 
potentiometer instruments for tempera- 
ture indication. Leeds & Northrup 


598. Induction Brazing 

Folder tells how tips of carbide may 
-< brazed on tool shanks. Ohio Crank- 
shaft 


599. Induction Furnace 
4-page folder on combination induc- 
tion melting and holding furnace and 
automatic pouring unit. Ajax Engineer- 
ing 


600. Induction Heating 

Need for ground detectors on high fre- 
quency induction furnaces discussed in 
Inducto Metal Melting Newsletter, No. 5. 
Inductotherm 


601. Inspection 

New Bulletin 90 on nondestructive test- 
ing of ferromagnetic wire rope. Equip- 
ment and how it is used. Magnetic 


Analysis 
602. Inspection 
New 16-page catalog on illuminated 


Borescopes for industrial inspection of 
deep recessed areas. National Electric In- 
strument Div. 


603. Laboratory Furnace 


Data sheet on laboratory vacuum melt- 
ing furnace describes basic unit, vacuum 
chamber, vacuum pumping system. High 
Vacuum Equipment Corp. 


604. Laboratory Furnaces 

Folder describes and illustrates tubular 
furnace for use in tensile testing, and 
control panels. Marshall Products 


605. Laboratory Supplies 

Instruments and apparatus for control, 
research, development laboratories. Har- 
shaw Scientific 


606. Leaded Steels 

16-page booklet on basic characteristics, 
mechanical properties and workability of 
leaded steels. Case histories. Copperweld 
Steel Co. 


607. Lithium 

New 24-rage booklet on lithium, cesium 
and rubidium. Principal uses. Charts and 
tables. Montgary Explorations, Ltd. 


608. Low-Temperature Alloys 

New bulletin on some properties of 
nickel alloys at low temperatures. 
Wrought and cast alloys. International 
Nickel Co. 


609. Lubricant 
Bulletin 425 on colloidal dispersions 
for use in metal casting. Best formulas 


for achieving high lubricity and wetting 
action. Acheson Colloids 


(Continued on page 48A) 
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30,000 and 40,000 pound 


Universal 


Testing Machines 


These low-cost machines will answer all 
your questions about the tensile, transverse, 
and compression strength of metal parts. 
They will apply up to the equivalent of 
200,000 Ibs. per sq. inch (on a .505 specimen). 
Only two simple controls operate these hy- 
draulically powered, automatic machines. 
Large gauge gives accurate reading instantly. 
Weight: 500 Ibs., height: 4’-4". Equipped 
with motor, gauge, grips, and blocks. 

Ask us for more information or send us your 
requirements for a quotation, as this Uni- 
versal machine can be modified many ways. 


Standard and special Brinnel hardness 
testers, ductility testers, and tensile testers 
also available. 


Let your production move around corners on the new, low cost Omniflex belt. 
Short turning radius e light weight @ easily installed @e low maintenance factor 


Illustrated literature available, specify catalog M12. 


Atlanta « Baltimore « Boston « Buffalo « Charlotte, N.C. « Chicago « Cleve- 
land « Dallas « Detroit « Fall River, Mass. « Greenville, S.C. © Louisville 
New York « Philadelphia « Pittsburgh « Rochester St. Louis « St. Pau! 

San Francisco « Tampa « Canadian Rep., Peckover's Ltd., Toronto « Montreal 


WINCHESTER, VIRGINIA 
SALES ENGINEERS: 
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Push the 
button ... then 
check 

your watch! 


Rotoblast® cleans quickly and 
automatically... gives you more 
production with less manpower! 


This control panel on the Pangborn Roto- 
blast Barrel is asymbol. 

It stands for speed—push the Start button 
and a few minutes later you can push the 
one for Stop. It means automatic operation— 
just one man is needed to run it. And 
quality, too—between Start and Stop, 
whirling Rotoblast thoroughly blast cleans 
your castings to a silvery finish. 

From original engineering through rug- 
ged construction to expert installation, . 
Pangborn Rotoblast Machines are de- 
signed to satisfy you on every count— 
speed, performance, maintenance. 


The Pangborn Engineer in your area 
will be glad to take off bis coat and go 
to work on your cleaning problem at 
no obligation. And, for more informa- 
tion, write today for Bulletin 226 to: 
PANGBORN CORP., 1800 Pangborn 
Blod., Hagerstown, Md. Manufactur- 
ers of Blast Cleaning and Dust Control 
Equipment. 


Pangborn Rotoblast 
Barrel for efficient 
batch cleaning. Avail- 
able in 112, 3, 6, 12, 

, 30 and 72 cubic 
foot sizes. 


angborn 


ROTOBLAST 


| we | 
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|: 
¥ 
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HE broad line of Anaconda free-cutting copper and 
rods gives you widest latitude in 
selecting from warehouse stock the precise rod for 
most screw machine jobs. But every once in a while 
there are special requirements. 
One company’s problem: The M. J. Grass Screw 
Machine Products Co., Buffalo, N. Y., machines a part 
for a gas-burner base from 4%” round free-cutting 
brass rod. Specifications call for a hole 144” deep by 
.184” in diameter—with concentricity held to .010”. 
With standard free-cutting brass rod the drill had 
a tendency to wander, running the concentricity off as 
much as .024”. To correct this, The American Brass 
Company provided rod stock with a minor variation 
in fabrication for deep drilling. This free-cutting brass 
rod has a slightly harder core, which minimizes the 
tendency of the drill to run off center at the high 
drilling speeds used. Now M. J. Grass holds the con- 
centricity to .008” or under. With regular free-cutting 
brass, rejects ran as high as 15%. With the deep-drill- 
ing rod, there are no rejects. 


Drill size .184° 
Hold concentricity to .010” 


Bite 


Your requirements: Anaconda Rods are consistently 
uniform in composition, temper, and free-cutting char- 
acteristics. Consequently, they make possible easy 
duplication of cutting speeds and feeds known to be 
satisfactory from previous job records. 

When you need special physical characteristics, such 

as a harder core for dee »p drilling or additional ductility 
to permit spinning or cold forming after machining, 
either the temper, the alloy, or both can be adjusted 
to meet your requirements. 
Free technical service: It is the function of the Techni- 
cal Department of The American Brass C vompany to 
assist metal users in the solution of special problems. 
This service is at your disposal without charge. 

Comprehensive data on composition and machina- 
bility of standard Anaconda Alloys, standard specifi- 
cations, weights, and dimensions of standard rods is 
available in Publication B-3. For this booklet — for 
special technical assistance — write: The American 
Brass Company, Waterbury 20, Conn. In Canada: 
Anaconda American Brass Ltd., New Toronto, Ont. sn» 


ANACONDA RODS ‘or screw machine PRODUCTS 


MADE BY THE AMERICAN BRASS COMPANY 


MARCH 1958 


How Anaconda can help you get the exact Rod to fit the job 
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BeW KAOWOOL 


Gives data on many uses of 
2000 F refractory ceramic fiber 


B&W Kaowool, the 2000 F 
refractory fiber, is being 
successfully used for 
expansion joints in walls, 
roofs, around burners and 
in car tops of ferrous and 
non-ferrous heating 
furnaces. B&W Kaowool 
blankets are also serving 
as insulation in the pre- 

heating and stress 
relieving of large welded 
units. Write for new 
bulletin giving helpful 
data on B&W Kaowool, 
the multi-purpose ceramic 
fiber that withstands high 
temperature service. 


BAW REFRACTORIES PRODUCTS: BA ot Co Ch 
Baw Alimul Firebrick « B&W SO Firebrick ¢ B&W Junior 

Firebrick © B&W insulating Firebrick « B&W Refractory & WILCO 
Castabies, Plastics and Mortars « B&W Silicon Carbide « "4 anc > 4 
BaW Ramming Mixes B&W Kaowool Chae 


~y 
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(Continued from page 45) 


610. Lubricant 
New 4-page Data Sheet No. 2049 on solid 
film lubricant. Electrofilm 


611. Magnesium 

42-page booklet on wrought forms of 
magnesium. Includes 31 tables. White 
Metal Rolling & Stamping 


612. Manganese 
9-page article on  electromanganese 
Manufacturing procedures, product char- 


624. Microscopes 

40-page catalog on metallographs, metal- 
lurgical, toolmakers, stereoscopic, polar- 
izing, phase and other microscopes. 
— Instrument Div., United Scien- 
tific 


625. Nickel Plating 

16-page bulletin gives instructions for 
plating by the sulfamate nickel process. 
Hanson-Van Winkle-Munning 


626. Nonferrous Melting 


Bulletin 26-A on high frequency fur- 


637. Powder Metallurgy 

16-page booklet on advantages and dis- 
advantages of process, design data, ma- 
terials used. Reese Metal Products 
638. Powder Press 

Dorst automatic press for powdered 
metal is described in bulletin. Pressure 
ram stroke and other specifications. Dorst 
Div., Arnhold Ceramics 


639. Precision Casting 
8-page bulletin on investment castings 


EXPERIENCE 


... FINEST IN HEAT TREAT FURNACES FOR OVER 40 YEARS 


Prints. V. 2 of various ferrous and nonferrous alloys. 
naces for melting copper, silver, gold, Engineered Precision Casting 

613. Marking Ajax Electrothermic 640. Protective Coatings 


Data on hammers for metal markings. 
Pannier Corp. 


614. Marking Machines 


Data on various types of marking 

. : spd il. Aldridge Industrial Oils Catalog No. 100 on radiation pyrometers 

machines. Jas. H. Matthews & Co. . with tomes fem 
615 Marking Metal 628. Oil Quenching rometer Instrument Co. 


Bulletin on electromark process. Equip- 
ment. Operating instructions. Electromark 


616. Melting 

8-page booklet gives suggestions on 
how to operate a melting furnace. Camp- 
bell-Hausfeld 


617. Melting Furnace 

Bulletin gives specifications, diagrams, 
erformance and other technical data on 
implex melting furnaces. Lindberg 


618. 


New Catalog 


Melting Furnaces 
C5A gives applications 


627. Oil Quenching 

8-page brochure tells in detail how 
carbon steel often can replace alloy steel 
when additive is used in the quenching 


Catalog FB-1052-A self-contained 
cil cooling equipment. Selection tables 
for volume of oil required and oil re- 
circulation rates. Bell & Gossett 


629. Openhearths 

12-page booklet shows how openhearths 
are built. Furnace binding, refractories, 
combustion and controls, and mechanical 
equipment. Loftus Engineering 


630. Ovens 

16-page bulletin No. 53 on various types 
of core and mold ovens, special ovens and 
heat treating furnaces. Carl-Mayer 


_ Folder 301 on industrial protective coat- 
ings of rubber, neoprene and other ma- 
terials. Arco Steel Fabricators 


641. 


Pyrometer 


642. Quench Agitation 

Information on mixers and agitators, 
including units applicable to industrial 
quenching equipment. Mixing Equipment 
643. Quenching 

16-page booklet on modified and full 
marquenching procedures. Hardness and 
dimensional control data, cooling curves, 
case histories. Sinclair Refining Co. 
644. Radiography 

16-page booklet on materials and acces- 
sories for industrial radiography. Guide to 


selection of film. Recommended develop- 
and specifications of 10 different types of 631. Ovens ment techniques. Eastman Kodak, X-Ray 
melters — soft metal, brass, aluminum, New bulletin on truck loaded-type Div. 


crucible type and others. American Gas 


production ovens. Engineering, construc- 


Furnace Co. tion and control features. Despatch Oven 645. Radiography 
: 20-page bulletin on gamma radiogra- 
619. Metal Powders 632. Ovens phy. Uses _ sources, equipment. Nuclear 
16-page booklet on CDF iron pow- 16-page Bulletin 157 on ovens for bak- Systems Div., Budd Co. 
der. Briquetting characteristics, green ing, drying, curing and heat treating. Bae * + 
strengths, iron sinters, iron-copper mixes, Batch and conveyor types. Air recircu- 646. Recire ulating Furnace 


iron-copper bushings and 
carbon mixes. Republic Steel 


iron-copper- 


lating and heating systems. Young Bros. 


_ Bulletin on continuous-type recirculat- 
ing furnace shows design of furnace, its 


633. Phosphor Bronze operation and advantages. Industrial 
620. Metal Treatment 4-page technical bulletin T-4 on ad- Heating Equipment Co. 
Booklet on metal treating and finishing vantages and fabrication of fine-grain 647 fractorv C . 
products. John Swift Chemical Co. phosphor bronze. Riverside-Alloy Metal Refract oF Coating 


621. Microhardness Tester 
Bulletin describes the Kentron micro- 
hardness tester. Torsion Balance 


622. Microscope 
New brochure SB56 on cycloptic stereo- 
scopic microscope. American Optical 


623. 


Microscopes 
escribes microscopes 
bearings and _ rollers 


22-page 
all 4 and conveyorized work. Upton 
throughout the focusing system and a 636. Powder Metallurgy i : 

—— fine adjustment. Bausch & Technical literature on high-density 650. Salt Baths 

Lom 


featuring 


634. Pickling Baskets 

12-page bulletin on mechanical picklers, 
crates, baskets, chain and accessories. 
Youngstown Welding & Eng’g. 
635. Plating 

New 8-page brochure on test equipment 
for plating baths. Controls, anodes, cath- 


odes, agitators, rectifiers described. R. O. 
Hull & Co. 


sintered metal parts. Supermet Div. 


Data on aluminum oxide and silicon 
carbide coating which may be sprayed 
on. Norton Co. 

648. Resistance Welding 

_24-page catalog on equipment for re- 
sistance welding includes reference 
tables and property and application 
charts. Ampco 
649. Salt Bath Furnaces 


Data on salt bath furnaces for batch 


Reprints 161 and 162 on new advances 


FURNACES 


HAS IT! 


Take, for example, the crankshaft heat treating furnaces illustrated 
above. Years of experience preceded the design and development of the 
old 1928 unit . . . and in its day it was one of the best, turning out a 
phenomenal 150 cranks an hour with just four operators. 


FIRST CLASS Today, Holcroft is still building the best . . . as typified by the modern 
PERMIT No. 1595 crankshaft unit above. Here, Holcroft has conveyor-integrated three 
(Sec. 34.9 PL. & R.) separate units . . . each consisting of a hardening furnace, quench tank, 
Cleveland, Ohio draw furnace and cooling station . . . into a completely automated instal- 
lation capable of heat treating 456 crankshafts an hour. And only two 
men are required to perform the one manual operation . . . transferring 
cranks from one conveyor to another at the central loading station. So 
— i duction heat treat furnaces, Holcroft experience does 
—- you see, in produc es, P 
pay-off, in better heat treating, more efficient operation, lower produc- 
peace tion costs than ordinary, perhaps less expensive furnaces,can give you. 
Sc POSTAGE WILL BE PAID BY 
METAL PROGRESS — AND COMPANY 
i ETROIT 10, MICHIGAN 
7301 Euclid Avenue — ee 6545 BOULEVARD + 
CLEVELAND 3, OHIO — 


CHICAGO, ILL. «© CLEVELAND. OHIO HARTFORD, CONN HOUSTON, TEXAS 


CANADA: Walker Metal Products, Ltd., Windsor, Ontario 
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“RESTRICTED SPECIFICATION 


COLD.ROLLED STRIP STEEL 


FLAT PARTS FOR HIGH STRENGTH 
WITHOUT HEAT TREATMENT 
SIZE 10 x 
ANALYSIS 1075 
FINISH Bright 
HARDNESS Rockwell C-30 Min 


FHICKNESS 
(OLERANCE 001 incl. crown 


rouerance ~ 005 
MICROSTRUCTURE Small-fine carbides 


COI SIZE — Max. coil wt. 10002 


PACKAGING On skids — shrouded 


FORMED PARTS ma 
FOR HEAT TREATMENT 
SIZE 8 x .036 
ANALYSIS 1050 
FINISH Bright 
HARDNESS Rockwell B-78 Max. 
THICKNESS 
«TOLERANCE 0003 incl. crows 
roverance ~ 005 


MICROSTRUCTURE Uniform spheroids 
COU SIZE 16” 1D. coils large as possible 
PACKAGING On skids — shrouded 


— 
SIZE 14 x .040 — 
ANALYSIS 1095 
FINISH Bright 
95 to 105 Rockwell B suitable for 
HARDNESS blanking 


THICKNESS ; 
TOLERANCE 0005 incl. crown 


WIOTH 
Toverance ~ 05 
MICROSTRUCTURE Uniform medium size spheroids 
COU SIZE 16” — LD. Max. coil wt. 600+ 
PACKAGING On skids — shrouded 


Knowing exactly what you require for most efficient fabrication 
and most effective product performance, J&L can set up and con- 
sistently meet restricted specifications to match your most exacting 
demands. Often production operations can be greatly simplified 
or even eliminated; in most instances end-product and/or assembly 
costs can be reduced and quite frequently, product quality improved. 


We would welcome an opportunity to explore with you the possi- 
bilities of J&L Restricted Specifications applied to your strip 


steel requirements. 


FOR 4 IN 1 SERVICE ON YOUR 
COLD ROLLED STRIP STEEL 


Now there are four J&L plants with facilities for 


strip 


apolis, 


production of ‘Restricted Specification’ cold rolled 
Strategic locations at Youngstown, Indian- 
Los Angeles and Kenilworth, N. J., provide 
the security of 4 sources of supply plus the close 
working relationship which these local production 
centers make possible 


STEEL 


Jones & Laughlin 
STEEL CORPORATION 


STRIP STEEL DIVISION 


GENERAL OFFICES: YOUNGSTOWN 1. OHIO 


PLANTS : YOUNGSTOWN «+ INDIANAPOLIS + 
SALES OFFICES: YOR + ROCHESTER 


DETROIT INDIANAPOUS 


CHICAGO 


LOS ANGELES * KENILWORTH, NEW JERSEY 
NEWINGTON CONN © YOUNGSTOWN «© CLEVELAND 
LOS ANGELES * SAN FRANCISCO 


FORMERLY THE COLD METAL PRODUCTS COMPANY 
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in hot salt quenching and salt bath 
quenching of gears. Ajax Electric 


651. Sand Systems 
Bulletin No. SL-3 shows layout of 
system and controls. Harry W. Dietert 


652. Shear 
Bulletin on bar and billet shear for 


rounds, squares, flats, billets and struc- 
turals, either hot or cold. Hill Acme Co. 


653. Spectrechemical Analysis 

28-page brochure on basic fundamentals 
of spectrochemical analysis. Methods, 
instruments, accessories described. Bibli- 
ography. Jarrell-Ash 


654. Spectrographic Sources 

4-page bulletin 35A on spectrographic 
source unit gives data on three units 
available. Baird Atomic 


655. Spray Painting 
New 6-page booklet on airless spraying. 
How it works, advantages. Nordson 


656. Stainless Castings 
Bulletin on advantages of corrosion- 
resistant castings. Ohio Steel Foundry 


657. Stainless Fasteners 
24-page catalog 56-A lists sizes and 
rae. 7000 items included. Star Stainless 
crew 


658. Stainless Steel 

24-page booklet on stainless bar and 
wire. Forms available, grades. Advantages, 
properties, fabrication, electropolishing, 
ebonizing. Armco Steel 


659. Stainless Steel 

8-page catalog of stainless sheet and 
plates. Analyses. finishes, sizes. Easte*n 
Stainless Steel Corp. 


660. Steel 
Data on low alloy steel. Chemical 
analysis, physical properties. Youngstown 


Sheet & Tube 
661. Steel Castings 


Folder contains chart of grades analysis, 
properties, comparable specifications for 
usual casting steels. Induction Steel Cast- 
ing Co. 


662. Sub-Zero Treatment 

12-page booklet on industrial chilling 
equipment for shrinking, testing and 
treating of metals. Cincinnati Sub-Zero 


663. Swaging Machines 

16-page catalog on complete line of 
swaging equipment contains data on ro- 
tary swaginz process and its applications. 
Fenn Mfg. Co. 


664. Temperature Control 

4-page bulletin on Pyrotac for auto- 
matic protection against excess tempera- 
ture. Wiring is diagrammed. Illinois Test- 
ing Labs. 


March, 1958 


665. Temperature Control 

Selection of thermal elements for use 
in 400 corrosive materials. Protective well 
and socket material. Partlow Corp. 


666. Tempilstiks 

“Basic Guide to Ferrous Metallurgy”, a 
plastic laminated wall chart in color. 
Claud S. Gordon 


667. Testing 
Literature on mag pills for testing 
strength of pickling solutions. Ferro 


668. Testing Machines 

12-page catalog on ten testers includ- 
ing hardness, ductility, tensile, compres- 
sion and transverse strength. Detroit 
Testing Machine 


669. Testing Machines 


New 32-page Bulletin No. 54 on univer- 
sal testing machines. Specifications, and 
loading, weighing and indicating sys- 
tems. Tinius Olsen 


670. Testing Machines 

New 28-page catalog on fatigue testing 
machines. Specifications, working princi- 
ples. Riehle 


671. Testing Machines 


Bulletin on Brinell hardness, ductility, 
compression, tensile. universal, trans- 
verse, hydrostatic proving instruments. 
Steel City Testing Machines 


672. Thermocouples 

Revised 8-page Catalog No. 32 on 
thermocouple and thermocouple wires. 
Charts on calibration symbols and wir> 
color codes, wire resistance weights, prop- 
erties. Thermo Electric 


673. Thickness Tester 
Data sheets give ranges, principle of 
operation of nondestructive thickness 
tester. Unit Process Assemblies 


674. Thickness Testing 

10-page Bulletin 2253 on coating thick- 
ness gages. Standard and special purpose 
gages. American Instrument 


675. Tin News 
Interesting monthly report covers im- 
portant current developments in the 
production, marketing and use of tin. 
Malayan Tin Bureau 


676. Titanium 

24-page fact file gives physical and 
mechanical properties, metallurgy, corro- 
sion properties, machining, forming and 
welding data. Mallory-Sharon Metals 


677. Titanium Powders 
Data on high purity and commercial 
titanium powders. Hawkridge Metals 


497 517 537 557 577 


598 618 638 658 678 
599 619 639 659 679 
600 620 640 660 680 
601 621 641 661 68! 
602 622 642 662 682 


7301 


678. Tool Steel Failures 

124-page book, “Tool Steel Trouble 
Shooter”. analyzes 107 tool failures and 
assigns causes as among tool design faults, 
tool steel faults, improper heat treatment, 
mechanical and operational factors. Beth- 
lehem Steel 


679. Tool Steels 

Bulletin on tool steels, hot work spe- 
cialty steels, bar stock, billet, sand 
casting. drill roi, flat ground stock and 
tool bits. Darwin & Milner 


680. Tubing 

Bulletin 3 on small tubing for industry. 
Sizes, alloys, tempers, tolerances. Pre- 
cision Tube Co. 


681. Tukon Tester 

12-page bulletin 328 on Tukon micro 
and macro hardness testers. Wilson 
Mechanical Inst. 


682. Vacuum Dryers 

New Bulletin No. 630 on vacuum shelf 
dryers. Sizes and specifications. F. J. 
Stokes 


683. Vacuum Furnace 

6-page data sheets on high-vacuum 
furnace for operation at 3600°F. Specifi- 
cations. Richard D. Brew 


684. Vacuum Furnaces 
Bulletins P8-20 and P4-28 on vacuum 

are melting furnaces and pumps. Con- 

solidated Electrodynamics, Rochester Div. 


685. Vacuum Pumps 

Data sheet 4700 on mechanical booster 
high-vacuum pumps describes their con- 
struction, operation and _ applications. 
NRC Equipment 


686. Welding Electrodes 
Report No. W5410 on low hydrogen 
electrodes for high alloy steels. Harnisch- 
feger 


687. Welding Stainless 

New 12-page booklet—a guide to better 
welding of stainless steels. In question 
and answer form. Arcos 


688. Wire Cloth 
80-page booklet on applications, meshes, 
baskets, filters. Cambridge Wire Cloth 


689. X-Ray 

12-page bulletin on gamma radiography 
tells how to select the source, equipment, 
techniques and fundamentals of gamma 
radiation. Picker X-Ray 


690. X-Ray Equipment 
4-page folder on X-ray viewer. Advan- 
tages and applications. Philco 


691. Zine Coating 
New booklet on zinc coated steel. 
Weirton Stee! Co. 
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Strip, feeding continuously from a coil of Armco Zinccrip 
is formed into shape for a 4-ply lock in a series of rolls. 
Then the strip wraps about a revolving mandrel. Powerful 
rollers press the seam into a tight, permanent lock. 


Here’s in-shop evidence that the zinc coating on Armco 
ZINCGRIP® Steel clings tightly during severe fabrication. 


This machine forms sheet metal into conduit with a continuous 
spiral lockseam. Few fabricating operations could provide so 
severe a test for a zinc-coated steel. But Armco ZincGrip Steel 
meets every requirement. Its special hot-dip zinc coating 
doesn't flake or peel. 

This complete zinc protection is doubly important for the 
conduit. It not only wards off rust when exposed on construc- 
tion sites, but resists corrosion in areas within buildings where 
maintenance is difficult or impossible. 

If your products require drawing, forming, lockseaming, or 
any other severe fabrication, you can rely on Armco ZiNCGRIP. 
Just fill in and mail the coupon for full information about this 
workable, zinc-protected steel. 
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in this continuous lockseaming operation... 


Zinc coating on Armco ZINCGRIP Steel doesn’t flake or peel 


ARMCO STEEL 


ARMCO STEEL CORPORATION «+ 1348 CURTIS STREET, MIDDLETOWN, OHIO 


Other Armco Steels for top-quality products include 
ZInCGRIP PAINTGRIP®, Stainless Steels, ALUMINIZED STEEL, 
Cold-Rolled Paintcrir, Enameling Iron, Steel Tubing, 
Electrical Steels, High Strength Steels, Long Ternes, and 
high-quality Hot- and Cold-Rolled Sheets. 


7 
|  ARMCO STEEL CORPORATION 

1348 Curtis Street, Middletown, Ohio 

| SEND complete information about Armco Zincorip. 

Name 

Street. — 

City. Jone State 


SHEFFIELD DIVISION + ARMCO DRAINAGE & METAL PRODUCTS, INC. + THE ARMCO INTERNATIONAL CORPORATION 
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THE METALS INDUSTRY 
1S PROFITING FROM THE 
USE OF OTHER STOKES 
PRODUCTION EQUIPMENT 


Donald O.Buker, Assistant Project Engineer, 
checks on an experimental melt in progress 
in the Stokes Vacuum Furnace. External 
controls and alloying devices afford com- 
plete access and manipulatior of the melt. 


Powder Metal Presses. Cost savings and Stream Degassing Systems. Stokes offers 


the compacting of incompatible alloys production equipment which can con- 
have made powder metallurgy an ac- trol hydrogen content of steel to less 
cepted process. Stokes offers the most than 1 ppm by removing the gaseous 


complete line of presses in the industry. impurities from the molten metal. 
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Vanadium Corporation America 
keeps Stokes Vacuum Furnace 
busy Ferroalloy Research 


A Stokes Vacuum Furnace System, installed 
in the Cambridge, Ohio Research Center of 
Vanadium Corporation of America is kept 
constantly on the go... exploring new ideas 
that someday may be applied to production 
procedures for ferroalloys and master alloys. 
Investigations include the degassing of alloys pro- 
duced by commercial production practices, and 
the melting of metals too reactive to be satisfac- 
torily processed in normal atmosphere. 


For example, various vanadium-containing alloys 
have been remelted . . . to determine property 
improvement and extent of gas removal under 
specified temperature and pressure conditions. 
Another use involves the melting of higher 


lithium, chromium, magnesium, columbium 
and tungsten. 


T. W. Merrill, Director of Product Research, ad- 
vises ‘‘we have found that the furnace performs 
very satisfactorily, and has met all our expecta- 
tions in this regard.” 


Stokes Vacuum Furnaces are extremely flexible, 
ruggedly built units, designed for developmental 
or production runs. . . in sizes ranging from 17 
lb. to greater than 5,000 Ib. melts. Production 
units are fully engineered with charging and mold 
vacuum locks for semi-continuous operations. In 
all these units, a broad selection of accessories 
and features is available. Of particular interest is 


titanium-content alloys which would oxidize 
excessively in air. The research center is also con- 
cerned with alloys containing boron, calcium, 


the fact that, as in the case of Vanadium, Stokes 
easily makes special customer accommodations 
to meet individual requirements. 


Complete technical information and specifica- 
tions are available on Stokes Vacuum Furnaces 
and accessories. For detailed application engi- 
neering, the Stokes Advisory Service is available 
for consultation and recommendations concern- 
ing your exact requirements. Write today. 


Vacuum Equipment Division 
F. J. STOKES CORPORATION 
5500 Tabor Road, Philadelphia 20, Pa. 


Heat Treat Furnaces. Compact Stokes 
vacuum furnaces are available for 
many commercial heat treating appli- 
cations. Sequenced and centralized 
controls afford utmost convenience in 
handling of work and cycles. 
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New, Wet Hand Grinder 


Now you may have wet grinding facilities for hand prepa- 
ration in your laboratory at a nominal cost. Convenience 
at your fingertips, always clean and ready for use. Simply 
attach to water and drain facilities. 


Individual elevated hard glass grinding surfaces are con- 
tinually flushed with streams of water. This floats off the 
surface removal products, provides lubrication, and leaves 
sharp abrasive edges exposed at all times. A control valve 
permits complete selectivity of the volume of water. Ample 
drainage facilities with standard pipe fittings are provided 
at the rear. The grinding platforms are pitched down- 
ward and away from the operator. 


The Handimet Grinding Paper is coated with a pressure 
sensitive adhesive backing and firmly holds when merely 
pressed against the flat grinding surface. It is easily re- 
movable when sheet is worn. 


No. 1470 AB HANDIMET GRINDER, complete $98.00 


No. 1469-SW AB HANDIMET GRINDING PAPER for 1470 Grinder, 
Grits 240, 320, 400, 600 per 100... .$10.00 


No. 1469-1-SW AB HANDIMET GRINDING PAPER assorted 10 each 
grits 240, 320, 400, 600.... 


2120 GREENWOOD ST., EVANSTON, ILLINOIS, U.S.A. 
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How to find a better 
heat-treating method 


Here’s a sound way to do it. Take your prob- 
lems to the people who have consistently, 
over the years, provided the metal treating 
industry with new and better ideas, more 
efficient, more practical equipment. This 
will bring you to Lindberg, creators of the 
famous Cyclone type atmosphere furnaces, 
the long-life ‘“‘dimple”’ vertical radiant tube, 
the revolutionary new CORRTHERM 
electric heating element and so many other 
innovations in better heat treating methods. 
Lindberg is synonymous with heat treating 


furnaces. We build them for carbonitriding, 
carburizing, hardening, tempering, normal- 
izing, bright stainless annealing, brazing, 
carbon correction, nitriding, or any other 
metal treating requirement. Give your pro- 
duction processes the advantages of Lind- 
berg’s forward look in “heat for industry” 
techniques. Get in touch with your nearest 
Lindberg Field Representative (See classified 
phone book) or write Heat Treating Furnace 
Division, Lindberg Engineering Company, 
2448 W. Hubbard St., Chicago 12, Illinois. 


heat for industry 
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Weighing 

is the heart 

of all analytical 
procedure 


To keep pace with increased laboratory work loads 
balance manufacturers have developed balances that 
weigh faster, are easier to operate and require no op- 
erator technique. The NEW Christian Becker Model NA-1 
single pan, semi-automatic balance provides everything 
the chemist has wanted. Fast accurate weighings are as 


easy as 1 - 2 - 3. 


98761543210 


OL 


2 
3 
5 
6 
7 
8 
9 


ACTUAL SIZE 


1. Place sample on pan, close door, select “rough 


weighing” beam by rotating knob “A”. 


. Weight control knobs “B” are then rotated. 


Weight indicator lights C" indicate if weights 
have to be added or removed. 


. Final 1000 mgs., or any part thereof are re- 


corded on new, large, easy to read reticle 
and vernier, after fine weighing beam is put 
in use. This ten thousand division optical read- 
out “D” is absolutely unique. It eliminates 
completely “balance squint.” The large num- 
ber at the top plus the vertical line show that 
the weight is between .455 and .456 gram. 
By following the line down, it makes a solid 
rectangle at "4", thus giving a reading of 
4554. This plus the weight recorded on 
counter “E"”, gives total weight of sample. 


ANYONE CAN OPERATE THIS BALANCE 
{t also includes many other features: 


Ai 


e External zero adj perature 


compensation 

Oil damping —longer 
dimension 

e Exclusive two-beam construction— one for 
rough weighing—one for fine 

@ Weighing and pilot lights to indicate beam 
in use 

© Stainless steel Class M weights 

e Knobs for weights and beams are at con- 
venient table height 

e@ Weight counter and reticle and vernier are 
at eye level. 


Capacity 200 grams. Sensitivity .1 mg. Readability .05 mg. Catalog #H1830.. . Price $1,185.00 


(4 page bulletin available on request) 


HARSHAW SCIENTIFIC 


Division of The Harshaw Chemical Company * Cleveland 6, Ohio 


Sales Branches and Warehouses: Cincinnati 13, O. + Cleveland 6, O. + Detroit 28, Mich. 


Houston 11, Tex. + Los Angeles 22, Calif. + Philadelphia 48, Pa. 


Sales Offices: Baton Rouge, La. + Oakland 11, Calif. + Buffalo 2, N. Y. 
Hastings-On-Hudson 6, N. Y. + Pittsburgh 22, Pa. 
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Lindberg pioneers in 
High Frequency Heating 


Along with its pioneering in all phases of 
“heat for industry” Lindberg is one of the 
largest makers of High Frequency heating 
units. Our “H-F” designers and engineers have 
made outstanding developments in this im- 
portant heat treating field. For example, we 
illustrate a remarkable unit just recently 
completed for aluminizing automotive 
valves. It was designed vertically, saving 
60% of floor space, and is completely auto- 
matic. No operator is required. It fits per- 
fectly into an automated production line. 
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Our High Frequency Division provides units 
for hardening, brazing, heating for forging 
and forming, annealing and many other pro- 
cesses, and designs a variety of fixtures for 
application to ““H-F”’ units. Lindberg also 
supplies a complete line of motor generators 
for all induction heating and melting appli- 
cations. Get in touch with your nearest Lind- 
berg Field Representative (See classified 
phone book) or write High Frequency Divi- 
sion, Lindberg Engineering Company, 2448 
W. Hubbard St., Chicago 12, Illinois. 


heat for industry 
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DETECT HIDDEN FLAWS IN 
MATERIALS BEFORE YOU SPEND 
MONEY ON FINISHING! 


Actual photograph of gray-scale 
test transparency, shown un- 
enhanced. 


The same transparency showing 


New Philco EXICON dramatically improves gray-scale enhancement by’ 
contrast on any photographic transparency. . 


Exicon is proving an invaluable new tool in metallurgy, 
quality control, stress analysis and countless industrial 
applications. This new dimension in contrast enhancement 
is finding application wherever greater detail is desired in 
the reading of any photographic negative. If you have a 
problem requiring contrast enhancement . . . Philco’s new 


EXICON system may provide the answer. 


PHILCO. 


tunities are unlim- 
ited in electronic and 


GOVERNMENT AND !NDUSTRIAL DIVISION mechanical research 
and engineering. 
4710 Wissahickon Ave., Philadelphia 44, Pa. . 2 
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Lindberg applies the creative 
touch to field-installation 


Here is an example of Lindberg’s creative 
touch in field-installed heat treating equip- 
ment. Our unique design of this movable 
overhead furnace saved space, labor and time 
and increased quality and operating efficiency 
in missile manufacturing. We have the tech- 
nical staff and the experienced engineers to 
design and install for you any requirement 
you may have for the application of heat 
to industry. Our service covers all types of 
heat treating furnaces, aluminum melting 
and holding furnaces, high frequency units, 


. ceramic kilns, controls and all facilities re- 


Wwe 


quired to fit this equipment into your 
production processes. We specialize in 
“turn-key” operations covering everything 
from design and engineering to the finished 
job installed in your own plant. Whatever 
your industrial heating problem, a good way 
to solve it is to talk it over with Lindberg. 
Just get in touch with your local Lindberg 
Field Representative (See classified phone 
book) or write Lindberg Industrial Corpora- 
tion, 28321 West Hubbard St., Chicago 12, 
Illinois. Los Angeles Plant: 11937 S. Regent- 
view Avenue, at Downey, California. 
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How Thompson Products saves *9,7750 a month 


descaling titanium parts in hot Virgo bath 


In this plant of Thompson Products, 
Inc., titanium forgings become mir- 
ror-smooth blades for aircraft tur- 
bines. But first, workers must get rid 
of the tough black oxide scale that 
forms on the parts during forging and 
heat treating. 

They used to blast scale loose with 
a special zirconium sand imported 
from half-way around the world. But 
the sand was expensive—$10,000 a 
month. It had to be purchased and 
stored 4¥2 carloads at a time. Stacked 
in bags, it ate up valuable space—and 
made a mess when heavy bags burst. 

Then this company called in a 
Hooker sales-service man who showed 


how they could get the scale off chem- 
ically. He recommended Virgo De- 
scaling Salt at a cost of only $250 per 


month instead of $10,000 for sand. 
Parts come clean in 4 dips 


Now titanium parts ride in stainless- 
steel baskets through four dip tanks— 
and come out with not a trace of 
scale. In five minutes in the first tank, 
molten Virgo salt at 850°F removes 
almost all of the stubborn scale. In 
successive dips, cold water removes 
the adhering molten salt, acid quick- 
ly removes the residual soft oxide and 
hot water rinses the parts clean. 

The process descales stainless steel 
and other high-temperature alloys, 


HOOKER ELECTROCHEMICA! COMPANY 
403 Union Street, Niagara Falls, N. Y. 


too—simply by raising temperature of 
the salt another 100 degrees. There’s 
no attack on the metal itself at any 
stage. 

It’s easier now for inspectors to see 
tiny defects in the smooth, chemically 
clean surface of these parts ; so quality 
control is better than before. 

Maintenance costs are lower, too: 
just four dip tanks that need occa- 
sional replenishing with salt and acid. 

Have you a tough scale problem? 
Perhajs a talk with a Hooker repre- 
sentative will open a way to substan- 
tial cost reductions for you. If you’d 
like to discover how, just drop us a 
note on your business letterhead. 


DUREZ® PLASTICS DIVISION + NORTH TONAWANDA. 
NIALK® CHEMICALS + NIAGARA FALLS. 
OLDBURY® CHEMICALS + NIAGARA FALLS. 


Sales Offices: Chicago, \|.; Detroit, Mich.; \os Angeles, Calif.; New York, N. Y.; Niagara Falls, N. Y.; Philadelphia, Pa.; 
Tacoma, Wash.; N. Tonawanda, N. Y.; Worcester, Mass. In Canada: Hooker Chemicals Limited, N. Vancouver, B. C. 
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This modern boat trailer uses Youngstown Pipe 
for strong all-welded steel construction of its boat 
cradle and main trailer chassis. 


YOUNGSTOWN CONTINUOUS WELD PIPE 


Next time you need 
pipe—for any purpose 
— specify Youngstown 
and secure these 7 
Points of uniform 
goodness 


uniform ductility 
uniform lengths 
uniform threading 
uniform weldability 
uniform wall thick- 
ness and size 
uniform strength and 
toughness 
uniform roundness 
and straightness 
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. .. provides extra-strength chassis for 


“Texan” boat trailers 


Here’s an unusual application for steel pipe. “Texan” Boat 
Trailers, produced by the Cunningham Trailer Works of Lub- 
bock, Texas, are fabricated from Youngstown Pipe to provide 
users maximum cargo protection as well as greatest ease during 
loading, unloading and while making the haul. 

In line with Cunningham’s policy of using only the highest 
quality raw materials, they wisely specify Youngstown Con- 
tinuous Weld Pipe for fabrication of both the boat cradle and 
main trailer chassis. This gives Texan boat trailers a sturdy 
welded steel construction able to withstand the most rugged 
use—on or off the highway. Why not use Youngstown Pipe 
structurally to build strength and quality into your products? 

Your local Youngstown Distributor is the man to call when 
you want quality pipe—day or night. He has a complete stock 
and his on-the-spot fast delivery will help keep your operations 
humming along at top speed. Why not call him today? 


YOUNGSTOWN 


THE YOUNGSTOWN SHEET AND TUBE COMPANY 
Manufacturers of Carbon, Alloy and Yoloy Steel 
General Offices - Youngstown 1, Ohio 
District Sales Offices in Principal Cities 
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HIGH FREQUENCY INDUCTION HEAT IN THE LABORATORY 


For the laboratory metallurgist, the moment of truth is in the melting 
furnace. More likely than not, the crucible he turns to is set in the helix of 
an Ajax-Northrup induction coil. For ever since its discovery, high frequency 
induction heat has been instrumental in the birth of new metals. 

The clean heat of the induction furnace has ushered in alloys unmarred by 
impurities . . . has permitted the successful development of vacuum metal- 
lurgy. Its precise control of heat permits alloying as the metallurgist desires 
—no longer at the mercy of chance. And the stirring action inherent in 
Ajax-Northrup induction melting has actually made possible many new 
metals and alloys. 

There you have just a few of the advantages that make Ajax-Northrup 

@ induction eating & meiting furnaces a laboratory standby. Even in this day of computers, spectrographs, 


and electron microscopes, they are assured an important place in the search 
X for the unknown . . . the study of the known. 
Available in capacities from a few pounds to several thousand pounds, 


Ajax-Northrup furnaces may be powered by economical converters or 
heavy duty motor generator sets. Write for Catalog. 
Ajax Electrothermic Corp., Ajax Park, Trenton 5, New Jersey. 


nen OR TH 


ASSOCIATED COMPANIES: AJAX ELECTRIC COMPANY-AJAX ENGINEERING CORPORATION 
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Model 
U-11 


ly 1195 


BINOCULAR MODEL only $1379 


UNITRON METALLOGRAPH and Universal Camera Micro- 
scope, Model U-Tl: A completely self-contained instrument of 
modern design for visual observation, photography, projection 
and measurement of both opaque and transparent specimens, 
using bright-field, dark-field or polarized illumination. While 
compact in size, it duplicates the performance of large, cumber- 
some instruments. Even laboratories on a limited budget can enjoy 
the accuracy, speed and efficiency possible only with a complete 
installation of this type. 
> Standard optics include 5 porfocal objective lenses with 
revolving on a revolving 
3 visual eyepieces, all Magnification range: 


High-intensity illuminator with variable transformer built 
into the microscope base. 

Built-in 344" x 414" camera. The image is automatically in 
focus in the camera and transition from observation to pho- 
tography is instantaneous. 


Coane square mechanical stage with calibrated rotatable 
stage plate. 
Calibrated polarizing apparatus, transmitted- light accessories 
for transparent specimens, filters, micrometer eyepieces, film 
holders, cabinets, dustcovers, etc. all included. 
> Additional accessories, available at extra cost include: 
Polaroid Land Camera attachment for ‘’60-second”’ - 
raphy; 35mm camera attachment; low power (5-40X) 
objectives; vacuum heating stage for temperatures to 1100°C. 


THIS COMPLETE CATALOG ON UNITRON 
MICROSCOPES IS YOURS FOR THE ASKING 


FREE 10 DAY TRIAL 
on any UNITRON MICROSCOPES... 


Let the instrument prove its value to you——in your 
own laboratory — before you decide to purchase. 


These typical ogether took 91 


prove complete satisfaction with these UNITRON instrumonts. 


ore 19 discriminating buyers whese 9! orders and 20 


AMERICAN BRASS MINNEAPOLIS HONEYWELL 1 
CARNEGIE INSTITUTE UNION CARBIDE & CARBON 
E. 1. DU PONT MISSOURI SCHOOL OF MINES 


WESTINGHOUSE ELECTRIC 

GENERAL MOTORS i. 8. M. U. GOVERNMENT 

GOODYEAR ATOMIC 1. T. UNIV. OF CINCINNAT! 

NATIONAL CASH REGISTER UNIV. OF WASHINGTON 

U. S. STEEL GENERAL ELECTRIC Rk. © A. 


REYNOLDS METALS 


Model MEC 


comple ou, $399 


BINOCULAR MODEL only $599 


UNITRON INVERTED Metallurgical Microscope, Model MEC: 
Many of the features of the UNITRON Metallograph U-11, which 
ore connected with visual observation of opaque specimens, ore 
included in this compact unit. Think of the time which can be 
saved in your laboratory by providing eoch metallurgist with 
one of these hondy, inexpensive units for use at his desk. Model 
MEC is also ideal for use together with a polisher or micro- 
hardness tester. 


include 4 porfocal lenses: 5X, 
4 X oil immersion on revoly nosepiece; 3 eye- 
pieces: P5X, Micrometer 10X, Kel5X, a costed. Magnifi- 
cation range 25-1500X. 


. Vertical illuminator with iris diaphragm. Transformer housed 
in microscope base. A microswitch on the base provides an 
extra high intensity for photography. 

> Binocular model has for attaching camera 
to microscope bose. A 35mm camera ilabl 
te attach to the eyepiece tube of the monocular poe 


mechanical stage with calibrated rotatable 


stage 
Calibrated polarizing apporatus, 5 filters, dustcover, cabinet, 
etc. all included. 


accessories available at cost include: 35mm 
X eyep for 2000X:; transmitted. 
‘accessories for transporent sp heati 


TON 9, MASS. 


Please send me your complete catclog on UNITRON Microscopes. | 
Nome ond Title, 
Address 

City Stote 
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In Heat Treatment 


of Saw Blades” 
Says Ray Uhl 


Chief Metallurgist, Henry Disston 
Division, H. K. Porter Company, 
Inc., Philadelphia. 


“One of the great advantages of 
using Park’s salt baths is the 
uniform temperature, prevention 
of decarburization and the main- 
tenance of excellent straightness 
that is obtained. é 


“We have stepped up production 
heat treatment 50% by preheat- 
ing saw blades in Park’s Nu-Sal 
Neutral Salt at 1600 degrees F. 
for 1% minutes. Then we trans- 
fer to Park’s high heat bath at 
2200 degrees F for 45 seconds, 
and quench in neutral salt oper- 
ating at 1100 degrees F. 


“We have been using Park prod- 
ucts for many years and have 
found that day-to-day uniform- 
ity of quality and the excellent 
service guarantee a high quality 
Disston saw blade.” 


Park neutral salts are balanced mixtures designed to Park Laboratory Control, from raw material to finished 
provide positive neutrality, excellent fluidity and great product, insures the quality and uniformity of all Park 
stability. Their melting points and working ranges Heat Treating Salts. For information regarding your 


have been planned to furnish a neutral salt for every specific requirements, write Park Chemical Co., 8074 
heat treating temperature from 925° to 2400° F. Military Avenue, Detroit 4, Michigan. 


Woodside Rapid Carburizers (Non-Burning—Charcoal-Coke — Specification) ® Park-Kase Liquid Carburizers 
@ Quenching and Tempering Oils @ Cyanide Mixtures @ Neutral Salt Baths @ High Speed Steel Hardening 
Salts @ Iso-Thermal Quenching and Tempering Salts @ Protective Coatings (No-Carb—No-Kase—No-Scale— 
No-Tride) @ Carbon Products (Charcoal-Crushed Coke-Pitch Coke-Lead Pot Carbon) @ Kold Grip Polishing 
Wheel Cement Par-Kem Metal Cleaners @ Cutting and Grinding Compounds (K em-Cut—Kem-Grind—Blue Ice) 


PARK CHEMICAL COMPANY 


Detroit 4, Michigan 


8074 Military Avenue 
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@ Composition of each melt rig- 
idly controlled to come well 
within the specification; with 
carbon always reported to the 
third decimal. 


@ Adequate trimming of both 
the hot top and butt end after 
the slab is rolled to guarantee 
sound material. 


@ Removal of all surface imper- 


j 4 fections before the slab is rolled 
When is a bargain 


° @ Annealing and rapid cooling 
5 of every chromium-nickel plate 

not  @ | ba rgain e to produce material with the 

greatest corrosion resistance. 


@® Careful in-plant handling to 
minimize blemishes and imper- 


If your supplier neglects any one of nine important steps 
in the production of stainless steel plate his product may eaunes 


2 @ Close inspection of finished 
not be a bargain for you. plates and the removal of 


The wise buyer of stainless steel plate and plate prod- minute flaws. 
ucts insists upon the solid service and sound methods of @ Shearing, sawing, abrasive 


and flame cutting held to close 
tolerances to minimize costly 
machining and fitting in your 
plant. 


RESOM Ze Rigid inspection of work 


throughout entire production 


Shan bus Sheek obusively G cycle. 


production that are identified with G. O. Carlson, Inc. 


128 Marshalton Road @ Prompt, on-time delivery to 
Thorndale, P a maintain your production 
e, Pennsylvania 
District Sales Offices in Principal Cities 


PLATES +» PLATE PRODUCTS + HEADS « RINGS + CIRCLES +» FLANGES + FORGINGS + BARS and SHEETS (No. 1 Finish) 
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“We broke the bottleneck on this part... 
purchasing called in Ryerson” 


Keeping production schedules run- 
ning smoothly is often as simple as 
eliminating a bottleneck—caused 
by using materials that don’t fully 
meet your particular requirements. 

Time and time again, Ryerson 
Steel specialists are able to recom- 
mend steel that will do a better job. 
Ryerson men can document cases 
where a switch in steels provided 
up to 50% faster machining. . . 
300% longer tool life . . . less rejects 


in forming . . . faster, more depend- 
able welding, etc. 

Furthermore, Ryerson service 
gives you complete flexibility of 
steel supply without long-term com- 
mitments. If production calls for a 
sudden change, you can select the 
kind of steel you need from unsur- 
passed Ryerson stocks. You get the 


right steel, in the quantities you 
want, exactly when you want it. 

Ryerson’s size, facilities, staff 
and service attitude assure fast de- 
livery to meet regular schedules or 
to handle special short-run orders. 
This dependable source of certified 
steel is right at your finger tips. 
Just phone your nearby Ryerson 
plant —or check with your Ryerson 
representative — for prompt, per- 
sonal service. 


RYERSON STEEL 


Member of the <Qf}>> Stee! Family 
Principal Products: Carbon, alloy and stainless steel —bars, structurals, plates, 
sheets, tubing — aluminum, industrial plastics, metalworking machinery, etc. 
JOSEPH T. RYERSON & SON, INC. PLANTS AT: NEW YORK * BOSTON + WALLINGFORD, CONN. * PHILADELPHIA * CHARLOTTE * CINCINNATI « CLEVELAND 
DETROIT + PITTSBURGH + BUFFALO * INDIANAPOLIS * CHICAGO + MILWAUKEE © ST. LOUIS * LOS ANGELES « SAN FRANCISCO + SPOKANE « SEATTLE 
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March 1958 


A New Editor— 


I; GIVES ME the utmost satisfaction to an- 
nounce that Allen G. Gray has been appointed 
Editor of Metal Progress and entered into his 
new duties with the American Society for Metals 
on February 1. Ernest E. Thum, Editor since 
the foundation of the magazine in 1930, assumes 
the title of Editor-in-Chief. Marjorie Rud 
Hyslop, closely associated with Metal Progress 
since the beginning and officially the Managing 
Editor since 1952, retains her position and title, 
and her work will be supplemented by that of 
Carl R. Weymueller, newly appointed Assistant 
Editor. Dave Ritchie, who has been Assistant 
Editor since late 1956, completes the staff work- 
ing full time out of the Cleveland office. 

We believe that this talented group will be 
able to continue the development of Metal 
Progress in pace with the extraordinary tempo 
of modern technical and scientific advances, 
and further enhance its prestige and unique 
position as the Magazine of Metals Engineering. 

Allen Gray is well grounded both in the en- 
gineering and the editorial demands of the new 
position. He has been a consulting editor and 
frequent contributor to Steel since 1942, and be- 
came Technical Editor of that leading business 
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An Expanded Editorial Field 


magazine in 1952. He is 42 years old, a gradu- 
ate in both chemistry (B.S.) and metallurgy 
(M.S.) from Vanderbilt University of Tennessee, 
with a Ph.D. in chemistry from the University 


of Wisconsin in 1940. His postgraduate studies 
were on molybdenum steels and tungsten alloys. 

The 12 years between graduation and taking 
up editorial work with Steel were in the employ 
of the Du Pont Co., working at one or another 
of the manifold problems of metal processing, 
primarily their chemical aspects. In the early 
1940's, for example, he was active in the develop- 
ment of the fast electrotinning process to con- 
serve scarce tin, in the perfection of aircraft 
engine bearings, and in the electropolishing of 
stainless steels (he being responsible for the com- 
mercial process now widely used). In the later 
war years he was loaned to the “Metallurgical 
Laboratory” at the University of Chicago, be- 
came one of the team which solved the critical 
problem of canning the uranium slugs for the 
Hanford atomic piles. During 1951-52, he was 
associated with the Du Pont Atomic Energy Di- 
vision on special assignment with the Knolls 
Atomic Power Laboratory of the Atomic Energy 
Commission. His continuing interest in develop- 
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ments of the atomic age is shown by his member- 
ship in the A.E.C.’s Advisory Committee on 
Industrial Information, and in the Governor's 
Advisory Council on Atomic Energy of the State 
of Ohio. 

It is only necessary to say a few words about 
the editorial philosophy of Metal Progress to in- 
dicate how well such a man as Allen Gray fits 
into the pieture. The magazine was founded in 
1930, and Ernest Thum, the Editor, given a sim- 
ple directive: “Create a monthly magazine which 
will attract the members of the Society by its 
good format, and carry illustrated articles about 
all phases of metal progress written in terms 
easily understood by metals engineers.” At the 
same time, Metals Review was established to 
carry society news and the Review of Metal 
Literature — and of course the scientific Trans- 
actions, already in its 12th year, was continued. 
This complete separation of functions was a wise 
idea, as amply proven by events. Metal Prog- 
ress quickly established itself as an engineering 
magazine and rapidly proved that it was not an 
organ of any group or dominated by any private 
interest. 

Its importance to the American metals indus- 
try can be assessed by the fact that, through the 
years, from two thirds to three quarters of the 
readers (now numbering nearly 30,000) are in 
executive positions, departmental managers, 
supervisors, and engineers—men_ generally 
classed as “metals engineers”, men capable of 


Marjorie R. Hyslop, Managing 
Editor; Allen G. Gray, Editor; and 
Ernest E. Thum. Editor-in-Chief 


Allen G. Gray 


planning, supervising or managing the necessary 
fabrication operations on high-quality metals 
and alloys. Even during the relatively short life 
of Metal Progress the number of these men has 
multiplied sixfold, and the complexity of their 
interests and their sophistication has enlarged 
equally as fast. Hence, Metal Progress has 
yearly met (and I believe successfully met and 
will continue to meet) a continuing challenge 
for diversification and improvement. Things 
seem to go by spurts — maximum interest has 
changed from inspection methods, to heat treat- 
ment, to stainless alloys, to better quality in con- 
ventional steels, to atomic energy and a galaxy 
of “new” metals. There will be no end to these 
changes. We foresee in the immediate future 
an intense development of materials for high- 
speed flight, for heat engines, for missiles and 
control systems —in many instances met (and 
they must be successfully met) by improvements 
in materials and manufacturing methods already 
with us. 

The editorial directive to the enlarged Metal 
Progress team headed by Thum and Gray will 
be much as it always has been: “Collect and print 
the vital information about the expanding world 
of metals, necessary for the wide-awake metals 
engineer to meet his ever-widening obligations, 
all directed toward the paramount necessity of 
maintaining our nation the home of the free.” 

H. EISsENMAN 
National Secretary 
AMERICAN SOCIETY FOR METALS 
Publisher of Metal Progress 
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Surface Fatigue 


of Carbo-Nitrided Steel 


and amount of retained austenite. 


Tue PROcEss of case 
hardening steel has been the object of a number 
of investigations, and much is known of the 
effects which process variables have on the cases 
produced and their structural features. Little, 
however, has been published on the properties, 
other than hardness, of carbo-nitrided cases and 
their performance in service. In the investiga- 
tion reported here, the surface fatigue behavior 
was explored and compared with that of car- 
burized steel. The effects of variations in case 
depth and retained austenite on the surface 
fatigue of carbo-nitrided specimens were de- 
termined, as well as cycles to failure versus 
applied load. 

Surface fatigue, also called wear fatigue, is 
the deterioration of a metallic surface by pit 
formation resulting from cyclic loading of a 
surface layer. It is usually caused by cyclic 


rolling or sliding contact of two surfaces under 


Fig. 1 — Schematic Drawing 
Fatigue 


of Surface Tester 
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by G. W. POWELL* 


The pitting of worn carbo-nitrided surfaces is shown to be related to case depth 
Performance of carburized surfaces, 
run in conjunction, indicates case depth to be the prime factor (Q7, Q9, J28m; ST) 


M. B. BEVER} and C. F. FLOEF 


Surface fatigue, therefore, is 


high normal loads. 
likely to be encountered in such applications as 


transmission, heavily 
loaded cams, and ball bearings. An obvious 
method of combating surface fatigue is to give 
the surface adequate strength; for steels, this is 
often done by 


gears used for power 


case hardening. 

The stress distribution in the surface layer 
of two rolls compressed elastically along a line 
joining their centers may be found by an analysis 
first made by Heinrich Hertz'. The most im- 
portant re sult of this analysis, certainly from 
an engineering standpoint, is that the shear stress 
reaches a maximum value at a point below the 
surface of contact. The depth, Z, of maximum 
shear stress for two steel rolls of equal radii is 


Z = 0.000153\/ PR 
where P is the load per unit length measured 
along the line of contact and R is the radius of 


the rolls. The pressure, Q, at the center of the 
area of contact of steel rolls is 
Q = P/R 
Hardened steels subjected to conditions of 
wear fatigue display two types of pitting?. In 
every instance, 
observed. 


small nondestructive pits are 
These pits are shallow and attain at 
most a depth of approximately 0.005 in. This 
phenomenon is referred to as incipient pitting. 
The second type of pitting is destructive. Parti- 


* Assistant Professor, Department of Mining and 
Metallurgy, University of Wisconsin, Madison. 

t Professors, Department of Metallurgy, Massachu- 
setts Institute of Technology, Cambridge. 

Support of this work by the Ammonia Div. of 
Armour and Co., Chicago, is = acknowl- 
edged. Thanks are due to Prof. E. Buckingham for 
the use of special surface fatigue <a sting equipment 
and to P. A. Clarkin for conducting some of the tests. 
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Fig. 2 — Standard and Test Roll Designs. Test 
rolls are beveled to concentrate the load 


cles of thickness equal to or greater than the 
depth to the point of maximum shear stress are 
removed from the surface. While incipient 
pitting is believed to originate at surface cracks 
which develop at right angles to the surface, 
destructive pitting is caused by subsurface cracks 
which form in planes parallel to the surface’. 
Cracks of these two types have also been ob- 
served by Rosenberg and Jordan‘ in studying 
the effects of oxygen on the wear of steel. 

Tests on carburized A.1.S.I. 2515 show that 
for a given load the fatigue life increases with 
These observations have led 


the case depth’. 
to an empirical rule according to which the case 
depth should be twice the depth to the point of 
maximum shear stress for full resistance of the 
case to wear fatigue. 

Experimental Methods —The testing equip- 
ment used consisted of a fixed and a pivoted 


Table I — Carbo-Nitriding Treatments 


Case Deptu 


0.030 in. 
0.030 
0.037 
0.042 


Cope TREATMENT 


A 4 hr., 1600° F. 
Be 4 hr., 1600° F. 
C* 6 hr., 1600° F. 
D* | 8hr,1600°F. | 


*These specimens were refrigerated at —108° F. for 
30 min. and stress-relieved at 375° F. for 90 min. 


frame and is sketched in Fig. 1. Each frame 
supported an arbor on which one of the rolls 
was mounted. A calibrated spring drew the 
frames together and thus applied a radial load 
to the rolls. The arbor holding the standard roll 
was driven by an electric motor; for pure rolling 
experiments, the friction between the rolls drove 
the test roll. The test, which was conducted at a 
rate of about 10,000,000 cycles per week, was 
terminated automatically by the vibration of the 
apparatus when the test roll became destruc- 
tively pitted. 

The rolls are shown in Fig. 2. The standard 
rolls (shown at left) were machined from a 1.1% 
carbon steel, hardened and tempered to Rock- 
well C-62 to 64. 

Profiles of the test rolls were beveled in 
order to concentrate the load. They were ma- 
chined from A.1.S.I. 1020 and the test surface 
was ground before case hardening. The various 
carbo-nitriding treatments given to the test rolls 
are summarized in Table I. In addition, three 
rolls were carburized for 3 hr. at 1700°F. to 
the same case depth, 0.030 in., as that of the 
specimens carbo-nitrided by treatments A and 
B. They were then tempered to the same hard- 


wv 


Samples 2 


8 


+e A-Carbo-Nitrided 4 Hr. at 1600° F. 
4 B-Carbo-Nitrided 4 Hr. at 1600° F., 
Refrigerated, Stress-Relieved 


8 


+-2 C-Carbo-Nitrided 6 Hr. at 1600° F., 
Refrigerated, Stress-Relieved 
° D-Carbo-Nitrided 8 Hr. at 1600° F., 


Compressive Stress, Q, 1000 Psi. 


Refrigerated, Stress-Relieved 
%  Carburized 3 Hr. at 1700° F, Tempered 


~ Test Not Continued to Failure 
iL 


10° 10’ 
Cycles 


Fig. 3—Graph of Surface 
Fatigue Data for Various 
Carbo-Nitriding Treatments 
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Fig. 4—Typical Examples 
of Destructive Pitting. Spec- 
imen on right carbo-nitrided 
4 hr. at 1600° F.; specimen 
on left carbo-nitrided by a 
special treatment at 1350° F. 


ness as the specimens in Group A, which was 
approximately C-57. 

The specimens carbo-nitrided for 4, 6, and 
8 hr. at 1600° F. were refrigerated at —108° F. 
for 30 min. to remove most of the retained 
austenite. This treatment increased the hardness 
from C-57 to C-62. After refrigeration, these 
specimens were stress-relieved for 90 min. at 
375° F., without any decrease in hardness. 

Discussion of Results — Figure 3 shows, for 
the various case hardening treatments, the cycles 
to failure versus the compressive stress, Q, 
calculated by the equation given above. Four of 
these tests were terminated without failure after 
a long period, but are included because they 
furnish useful information. The type of destruc- 
tive pitting which caused the majority of failures 
is illustrated in Fig. 4. Incipient pitting of the 
test surface is also noticeable in this figure. 

The line marked “Carburized Samples” in 
Fig. 3 shows that a single line may represent 
approximately the wear fatigue behavior of both 
the carburized and tempered cases and of the 
carbo-nitrided and refrigerated cases B of the 
same case depth (0.030 in.), even though the 
hardness of the latter case was greater (C-62 
versus C-57). This suggests that the case depth 
was the factor which determined when failure 
occurred, 

Line A in Fig. 3 represents carbo-nitrided 
specimens which differ from those marked B in 
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that they have been neither refrigerated nor 
stress-relieved. They suffered incipient pitting 
and flaking-off of the surface layer of the case. 
The major factor contributing to the poorer 
fatigue life of the A specimens probably was 
the presence of retained austenite in the case, 
although the comparison is complicated by the 
additional stress-relief given to samples B. 

Points B, line C and points D are for carbo- 
nitrided specimens with case depths of 0.030, 
0.037, and 0.042 in., respectively. These data 
indicate a large improvement in fatigue per- 
formance resulting from an increase in case 
depth. An increase from 0.030 to 0.042 in. raises 
the fatigue life by at least a factor of 20. The 
depths of the large pits formed in the specimens 
with case depths of 0.030 and 0.037 in. were at 
least equal to the total thickness of the case. 
The depth to the point of maximum shear stress 
did not exceed 0.020 in, in these tests. i) 
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Modern Metallography 


Reported by H. P. ROTH* 


One of the meetings arranged for the Second World Metallurgical Congress 
in Chicago early last November was organized 

by the U. S. Atomic Energy Commission’s Internal Group on Metallography, 
and considered many advanced metallographic techniques using ultraviolet 

and visible light, X-rays, emitted rays, and electron beams. 


(M 20, M 21, M 23) 


The rHurspay sessions on Metallography 
at the last @ Annual Convention (Nov. 7, 1957) 
arranged by a combined committee of the Ameri- 
can Society for Metals and the U. S. Atomic 
Energy Commission were a smashing success, as 
evidenced by the attendance. Particularly in 
the morning, the crowd became so large that 
seats had to be put in the aisles. The roster of 
speakers and of guests included names of many 
of the famous in the world of metallography, 
and the speakers did not let us down — they 
were both interested and interesting. 

R. J. Gray of Oak Ridge National Laboratory 
presided as chairman of the sessions on advanced 
metallographic techniques by virtue of the’ fact 
that he led the A. E. C.’s Internal Group on 
Metallography which planned the program. 
Cyril S. Smith started the proceedings with the 
historical background, much more lively and 
absorbing than normally to be expected of any- 
thing historical. After discussing Japanese etch 
patterns produced in metals as early as 1600 
A.D., he described the very good work of the 
18th and 19th century on etching of metals to 
produce beautiful and delicate patterns. It was 
not until considerably later that this development 
of structural patterns was recognized as a means 
for manufacturing control by relating the etched 
structure to production procedures. He also 
pointed out that autoradiography is not new, 
showing a picture exhibiting very good detail 
made by this method in April 1879, only six 
months after X-rays were discovered! Later on, 
when he was called upon to present a sort of 
summary and critique of the morning’s topics, 


*Supervisor, Nuclear Metals, Inc., Cambridge, 
Mass. 
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he stated that he could say with certainty that 
all the papers presented were good except the 
first which was his own, but this reporter would 
say the truth is that all the papers were good, 
including his own. 

A large number of 2nd World Metallurgical 
Congress Conferees from foreign countries were 
noted throughout the audience, among them Otto 
Loebich and Wolfhard Reich of Germany, B. 
C. Woodfine and W. Steven of England, and J. 
P. B. Hugo of South Africa. Also, there was 
present perhaps the most highly concentrated 
gathering of metallographic notables, both 
American and otherwise, ever seen together in 
one place — and all of high standing as measured 
in terms of valuable metallographic studies and 
contributions to technical literature. 

Surface Preparation—L. Samuels of 
Defense Standards Laboratories, Alexandria, N. 
S. W., Australia, talked about the early theories 
of flow, wherein metal was not thought to be re- 
moved or cut off during grinding, but supposed 
to melt and be redeposited as an amorphous 
layer, like glass. He contends it is not neces- 
sarily true that such a Beilby layer exists. He 
described work designed to establish the effect 
of traces remaining on metallic surfaces after 
the scratches themselves had apparently been 
removed. In order to utilize epitaxial phe- 
nomena for this purpose, thin copper plating 
was applied and cross sections of the metal 
examined to see whether the plating had con- 
tinued to form single grains directly over loca- 
tions where whole grains were at the contact 
surface on the base metal. Subgrains in the 
plating apparently indicate discontinuities or 
deformed areas in the metal below. These 
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would be the locations of previous scratches 
not entirely removed. 

Following this, E. C. W. Perryman of Atomic 
Energy of Canada (Chalk River), described 
work attempting to reveal structure through 
surface treatment. Certain planes in metals are 
known to be thermodynamically stable and quite 
resistant to etching. His discussion included the 
practice of anodizing between re-annealing 
treatments to show grain boundary migration. 
He gave tribute to the valuable work of Jacquet 
and of Samuels in relieving cold worked sur- 
faces of metals such as copper and brass. From 
this he proceeded to the “climb of dislocations” 
and an explanation of why pits form at dislo- 
cations. In copper-zinc alloys, zinc ions are 
known to concentrate at dislocation points. This 
confirms the opinion that solute atoms may con- 
centrate at dislocations. He also warned against 
making erroneous interpretations because of 
solute atoms which have precipitated out and 
redeposited on the specimen’s surface. 

Incident Light Microscopy—G. L. Kehl 
of Columbia University, New York City, had as 
his topic “Incident Light Microscopy”, but con- 
centrated on quantitative measurement of sur- 
face contour by (a) the interference fringe 
method and (b) the profile microscope method. 
Monochromatic light is essential for interference 
microscopy beeause of aberration introduced by 
its angle. The method is suitable for measuring 
differences of from 20 millimicrons to about 2 
microns in depth, and one can determine from 
the interference fringes whether or not a dis- 
continuity is an elevation or a depression by the 
direction of the “sawtooth points” with reference 
to an index mark. A sawtooth leads the fringe 
motion if the area is raised and it follows the 
fringe if depressed. Where there is a deep 
groove or very great differences in surface level, 
white light is used to trace fringes of the same 
order which are difficult to match; white light 
shows the fringes to be of different colors and 
each band can be traced by its individual color. 

For the profile method a wire is inserted at 
the microscope diaphragm, and it casts a shadow 
on the specimen plane. Any wanderings of the 
shadow from a straight line are attributable to 
deviations in the specimen’s surface and can be 
measured. While the method has certain dis- 
advantages, it can be used for differences of 0.3 
to 100 microns. The open discussion compared 
this method with Tolansky’s method and the 45° 
angle. These methods might be useful in study- 
ing hydrogen attack on grain boundaries, but 


MARCH 1958 


it is apparently hard to tell whether the grain 
boundaries have fissured or not. 

Early Work With Ultraviolet — The chair- 
man introduced Francis F. Lucas, the same 
Lucas for whom the Grand Award of the annual 
© Metallographic Exhibit was recently named. 
In a brief extemporaneous address, he talked 
about his early work in ultraviolet micros- 
copy. Undoubtedly, it was a good cembina- 
tion of speaker and topic because, according to 
his own good-humored introduction, he does 
not in the least mind referring to himself as a 
sort of a “nut” on the subject. He said that some- 
times a metallographer, being intensely inter- 
ested in the research he is doing, gets off on a 
side street (as Lucas appeared to do) and later 
it happens that he is not in an alley at all but 
really on what curns out to be a main street! 

In 1900 an ultraviolet instrument was on the 
market and a number sold, but for quite some 
time there was little improvement in the equip- 
ment or its applications and accomplishments. 
Consequently the users or makers made no 
effort to improve the numerical aperture of the 
system. To Lucas and his colleagues at Bell 
Telephone Laboratories it became apparent that 
the prime difficulty was in finding the focal 
point. Their work involved evacuating and 
mounting so as to get rid of vibration. An 
electrical supply at 220 volts was stepped up by 
transformer to about 2000 volts to generate a 
spark for illumination. The pencil of “light” 
then emerging from the system required exami- 
nation with an imitation eye. It was a long and 
arduous task and finally the depth of focus was 
determined to be 1/16 of a micron! It took 
many, many exposed plates to locate this point; 
obviously, the photographic emulsion was out 
of focus if it was placed % of a micron ahead or 
beyond the correct point. 

Lucas later became interested in the field of 
biology which can employ ultraviolet examina- 
tion to particularly good advantage, for living 
tissue can be photographed to reveal layer after 
layer by refocusing successively right on down 
through the section. This is like photographing 
a top page of a book and then the succeeding 
pages below without turning the pages. 

This address was an enthusiastic tribute from 
Lucas to modern microscopy. Upon its comple- 
tion it was decided by common consent that 
there would be no further discussion solicited on 
the subject beyond what he had said. This was 
in the nature of a similar tribute being returned 
from microscopists to Lucas! 
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Emitted Rays — Sterling Newberry of General 
Electric Co., Schenectady, N. Y., discussed the 
examination of metal by means of autoradiog- 
raphy, microradiography and X-ray metallogra- 
phy. In evaluating these methods by comparing 
them with visible light microscopy (metallogra- 
phy, in the traditional sense), he made the 
following statement: “The metallograph is in the 
key position in identifying and interpreting 
structures, and it is rather doubtful that it will 
ever be replaced.” So far, other instruments 
have enhanced the metallograph and not dis- 
placed it. 

He showed how stereoscopic images can be 
made by microradiography by placing the 
sample on a rotating device to get a view repre- 
sentative of that seen by each eye of the viewer. 

Limiting the thickness of specimens for X-ray 
metallography is more important than prepara- 
tion of a fine surface finish. Number 00 polishing 
paper usually produces a surface which is good 
enough, but 0.040 in. of metal is too thick, since 
it would require high voltage to penetrate it 
with resultant loss in resolution. 

Near the end of his presentation, Mr. New- 
berry projected a short movie which had been 
taken by placing the camera without a lens 
above an X-ray microscope. It demonstrated 


good and poor resolution of a 1500-mesh grid and 


a 200-mesh screen. It included pictures taken at 
about three frames per second of a wasp on a 
piece of scotch tape, showing the varying densi- 
ties of the insect organs with the shadowgraph 
effect typical of fluoroscopy. Next, a live ant was 
shown in the cell and then a spider entered. 
The spider was very lively and resisted radiation 
much better than an ant. He continually 
attacked the nearly dormant ant, creating the 
impression of a boxing match. The movie at 
three frames per second also showed the crys- 
talline growth of mercury amalgamated on 
aluminum. 

In discussion, J. B. Newkirk commented on the 
desirability of placing the film unusually close 
to the sample. In this way the X-ray method 
might be used to study dislocations. He showed 
an example of a single crystal of silicon iron con- 
taining substructure as shown by angular illumi- 
nation with X-rays reflected to fine-grained film 
placed very close to the sample. 

Electron microscopy was the topic of the 
last paper (by W. C. Bigelow, Dept. of Chem- 
ical and Metallurgical Engineering, University 
of Michigan). He thinks it unfortunate that 
metallographers were among the last to apply 
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this instrument to any great extent, although at 
present it seems to be quite in vogue. The 
© Metallographic Exhibit this year indicates 
this, since almost 20% of the 500 entries 
are electron micrographs. He described the 
Radio Corp. of America’s instrument with projec- 
tor system which gives magnifications as high 
as 200,000. Since about two microns is usually 
regarded as the limit of resolution for the elec- 
tron microscope, this one is reputed to go down 
to 0.1 to 0.2 micron. Commenting on replicas, it 
was observed that 700, 800 or even 1000 Angs- 
troms of thickness is necessary for plastic replicas 
but carbon replicas can be one-third that thick; 
likewise the carbon is not affected by the elec- 
tron beam. 

Summary — At this point Cyril Smith was 
invited to give a summary and critique. He 
commended those people inclined to work em- 
pirically; and this reporter feels that his words 
are appropriately timed. During the last few 
months, the people of the United States are 
being told, and quite correctly so, that they 
should be vitally aware of the great need for 
more formal technical background, more scien- 
tific education. Every means of public communi- 
cation repeats this over and over again. The 
words of Dr. Smith do not contradict this; they 
only add balance to it. They offer additional 
inspiration to those very valuable people en- 
gaged in scientific work who are blessed with 
visual acuity, diligence and much natural curi- 
osity. By using such valuable resources, these 
of our scientific personnel who cannot stop to 
study other things formally can at least study 
in performance the work they are doing. They 
can observe much and improve much upon the 
knowledge we now have. 

Following are some of his words: “I am 
impressed by one main thing in the broad field 
of metallography; the way things grow up, be- 
come mature, and then seem to decay for a short 
time until something happens to recreate inter- 
est. Metallography was not nearly so interesting 
ten years ago as it is now.” Then he extolled 
people who do things empirically: “who look 
at things with their eyes. For instance, we saw 
dislocations years ago and were not really look- 
ing at them. We were proud of surfaces which 
were devoid of such things as etch pits. Ulti- 
mately, of course, we want things to be examined 
carefully from a scientific angle, but where would 
we be if it were not for those people who have 
discovered so many things through curiosity 
and careful observation?” 6 
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First Photomicrograph of Plutonium 


ye AS 


For many years following the first reduction 
of plutonium to metal, no trick of metallography 
could be found that would reveal any semblance 
of grains or grain boundaries in the room- 
temperature (alpha) phase, with or without 
polarized light. After some promising tries by 
Fred Schonfeld and Eugene Cramer at Los 
Alamos Scientific Laboratory, Clayton O. Mat- 
thews* in early 1954 was able to develop a metal- 
lographic procedure that would reproducibly 
reveal differences in crystal orientation in alpha 
plutonium (if the grain-orientation and grain- 


~ #C, O. Matthews is now director for materials at 
the Missiles Division of Lockheed Aircraft Co., 
Palo Alto, Calif. 
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boundary hash that one sees can properly be 
called grains). Matthews sumitted the above 
photomicrograph to the @ Metallographic Ex- 
hibit in 1955, but apparently the judges had no 
basis for appreciating his accomplishment. 

The metal shown is “high-purity” Pu (99.97% 
by weight, 99.82 at.% at 500 x. As a dilatometer 
specimen, it had been run through about a 
dozen thermal cycles between room tempera- 
ture and about 500° C. The obvious (but not 
extensive) porosity (a few light spots in “high 
relief’) is believed to have grown into the 
specimen as a consequence of the many phase 
transformations between allotropes, most of them 
anisotropic. 


73 


| 


Materials and Processes 
in Manufacture of 
Costume Jewelry 


By RALPH H. ATKINSON* 


Costume JEWELRY, or “fashion jewelry” 
as it is sometimes called, is made in all the 
traditional jewelry forms and articles, which is 
only to be expected, because the buyer wants 
an object in the historic ornamental tradition 
(apart from the absence of precious metals). 
However, the industry broke away from the 
shackles of its origin and became more creative 
and less imitative with the lapse of time. An 
important step in this evolution occurred at the 
time of the depression, when established de- 
signers of precious metal jewelry turned to the 
designing of costume jewelry. Since that time, 
the industry has provided ample scope for top- 
flight designers and has benefited accordingly. 

In the classification adopted in the U.S. Census 
of Manufactures, costume jewelry, costume 
novelties and ornaments made of all materials 
except precious metals and precious or semi- 
precious stones are included under the heading 
“costume jewelry”. However, precious metals 
are not entirely excluded because much costume 
jewelry is plated with gold, silver or rhodium 
as part of the finishing process. The principal 
categories of costume jewelry are women’s and 
children’s jewelry (58%), men’s jewelry (12%), 
and imitation pearls and imitation pearl neck- 
laces (9%). Metals are an essential part of 
about 90% of the costume jewelry. 

The costume jewelry industry has been grow- 
ing steadily since World War II and is now of 
the same order of size as the precious metal 
jewelry industry; there is every indication that 
this growth will continue. 


*Now retired, Mr. Atkinson was a metallurgist at 
International Nickel Research Laboratory. He re- 
sides in Westfield, N.J. This is the fourth and last 
in a series of articles on jewelry manufacture. 
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Skilled artisanship and mass production 
are combined to satisfy 

a growing demand 

for inexpensive jewelry with a 

fine jewelry appearance. (T9s, 17-57) 


Probably well over 30,000 persons are em- 
ployed in the manufacture of costume jewelry, 
because the Census figure of nearly 28,000 does 
not include those employed in the manufacture 
of costume jewelry findings (metal and plastic ) 
and in the cutting and polishing of imitation 
stones. 

The organization of the industry is similar 
to that of the precious metal jewelry industry. 
Small establishments are the rule. There were 
only two establishments with over 1000 em- 
ployees at the time of the 1954 Census and 55% 
of the employees were in establishments with 
fewer than 100 employees. The geographical 
distribution of the two industries was also similar 
in 1954. Over 90% of costume jewelry was 
made in three eastern states, namely, New York 
(44%), Rhode Island (37%) and Massachusetts 
(12%). 


Materials 


The wide range of materials used for costume 
jewelry includes metals, plastics, glass and imi- 
tation stones, ceramics, enamels, shells, wood 
and leather. Materials might be used because 
they are novel or attractive in themselves, or 
as the base for an attractive finish. 

Metals used for costume jewelry include brass 
and other copper-zine alloys, copper, bronze, 
tin and tin-base alloys, aluminum, nickel, stain- 
less steel. In addition, gold, silver, rhodium, 
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Fig. 1—Typical Examples of Modern Costume Jewelry. (Courtesy Coro, Inc.) 


nickel and chromium are used as electroplates. 
Of these metals, brass (for stampings) and tin- 
base alloys (for castings) are by far the most 
important quantitatively. 

Until recently, soldering difficulties have hin- 
dered use of aluminum for costume jewelry, but 
it is claimed that these difficulties have been 
overcome. In addition to an extremely pure 
grade of aluminum (for anodizing), a small 
amount of Alcoa 214 (3.8% Mg) is also used. 

There are no official data for the actual con- 
sumption of base metals by the jewelry industry, 
but there are unofficial estimates for some of 
the metals for the year 1951, namely, 4,000,000 
Ib. of tin, 37,000,000 Ib. of copper, 1,000,000 Ib. 
of steel and 600,000 lb. of aluminum. This 
indicates the importance of this industry as a 
consumer of base metals. 


Manufacturing Methods 


In the Manufacture of costume jewelry there 
has been a marriage of craftsmanship and mass 
production. Highly skilled craftsmen first carve 
models from solid tin according to drawings 
furnished by jewelry designers. Dies or molds 
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are then made from the models. Steel dies are 
used for stamping. Molds for casting can be 
either steel, bronze or rubber. At this point mass 
production begins and pieces are made by the 
thousand either by stamping or casting. The 
stamped or cast pieces are then trimmed and 
any soldering is done at this stage, followed by 
polishing, plating and lacquering. Setting is the 
last operation if the stones are set with glue, but 
if setting involves deformation of the metal it 
will be done before plating. The preceding 
description or outline of the manufacturing 
process is not exhaustive, because as many as 
38 operations can be involved in the manufac- 
ture of a piece of jewelry. 

Methods used for processing the metals are 
in general similar to those used for precious 
metal jewelry except that the greater volume of 
costume jewelry compared with precious metal 
jewelry provides a greater incentive to the 
adoption of mass production methods. Fabrica- 
tion processes include casting and various cold 
forming operations, the latter applied to strip, 
wire and tube. Tin-base alloys are cast, but 
the other metals are used chiefly as wrought 
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metal. Stampings predominate among wrought 
parts. Chain is machine-made by specialist 
firms. Settings are often cup-shaped stampings, 
which are better adapted for the rapid setting 
of stones than the more open type of settings 
used for diamonds. Some rings have precious 
metal settings. There is no technical justification 
for this type of setting, which is expensive both 
in material and labor. 

Assembling includes such operations as solder- 
ing and “linking” (closing links either by hand 
or with the help of a machine). Soldering can 
be done by torch or electronically. In electronic 
soldering, which has superseded furnace solder- 
ing in modern factories, the findings and solder 
are placed in position on asbestos boards which 
have embossed patterns for the guidance of the 
operators. The boards are then placed on a 
conveyer belt which takes them through the 
heating zone of the electronic soldering machine. 


Casting Tin-Base Alloys 

Casting of tin-base alloys in rubber molds is 
of special interest because of its novelty, coupled 
with the fact that it is an instance of the mass 
production of castings in a permanent mold as 


simply and directly as possible. These alloys, 
which are better suited for casting than the other 
costume jewelry metals with higher melting 
points, are cast centrifugally in molds, either 
carbon steel or soft rubber molds. Metal molds 
have a longer life and are indispensable for 
higher melting alloys, but rubber molds are 
more economical for the tin-base alloys, espe- 
cially for limited production runs. 

Rubber molds are made from disks of unvul- 
canized synthetic rubber about 9 to 12 in. 
diameter by 1 in. thick. Two such disks are 
fitted in steel rings. After dusting the upper 
surface of the lower disk with French chalk, 
the patterns and three or four registering devices 
are placed on it and finally the top rubber disk 
is placed in position. The rubber mold is then 
vulcanized under pressure. After cooling, the 
die is removed from the press, the two halves 
parted and the patterns removed. The necessary 
central pouring gate and channels (sprues) can 
be molded in or cut with a sharp, wet knife after 
vulcanizing. 

Finished molds are used on a centrifugal cast- 
ing machine consisting of a motor-driven turn- 
table revolving at speeds of 500 to 1200 rpm., 


Fig. 2—A Conveyer Belt Carries Costume Jewelry Parts 
Through an Electronic Soldering Machine. (Courtesy Coro, Inc.) 
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Fig. 3—A Typical Set- 
up for Centrifugally 
Casting Jewelry Shapes 
in Rubber Molds. (Cour- 
tesy Messrs. N. Saunders) 


depending on the diameter of the die. In cast- 
ing, the lid of the machine is closed and the mold 
set spinning. A controlled amount of metal is 
removed from the thermostatically controlled 
melting pot by a ladle and poured into the 
central hole in the mold, from where it is pro- 
pelled into the mold cavities. The motor is then 
stopped, the mold stripped and castings removed 
complete with runners. After clipping off run- 
ners, the castings are ready for finishing. 

For costume jewelry, castings are often given 
a light barrel burnishing with small steel balls 
and finished by bright nickel plating. The thin 
coat of nickel increases surface hardness of the 
castings considerably so that even the weakest 
alloys have ample abrasion resistance. 

Choice of metal for this casting procedure 
is restricted because rubber molds deteriorate 
fairly quickly if the temperature of the metal 
exceeds 570° F. when it comes in contact with 
the mold. With temperatures below 
570° F. the life of a mold is about 1000 
casting cycles. The alloys found most 
useful for this work are basically tin 


plane of the mold but dimensions perpendicular 
to the plane of the mold are often less than those 
of the pattern, probably because air can only 
escape along the parting plane. Consequently 
the process works best for relatively flat pieces. 
No such limitation applies in investment casting, 
but this process is normally considered too ex- 
pensive for making costume jewelry. 
Finishing 

Finishing plays an especially important part in 
the manufacture of costume jewelry. The prin- 
cipal finishing processes are as follows: 

1. Electroplating 

2. Lacquering 

3. Anodizing of aluminum 

Electroplating is the usual finish for all metal 
parts, either wrought or cast, except aluminum. 
The polished pieces are wired to plating frames 
with soft copper wire (up to 100 pieces per 


Table I — Statistical Data for Costume Jewelry Industry 


(U.S. Census of Manufacturers, 1954) 


with additions of antimony and copper Costume | PRECIOUS 
to give increased strength and hardness. JEWELRY | METAL 
Die castings of other metals are much JEWELRY 
less important and more expensive to Number of employees 27,744 23,455 
produce because their higher melting Number — “a 1,127 1,327 
the vee af dies Value added by mfg., million $ 129.2 145.6 
Sr f 7 Cost of materials, million $ 110.2 112.6 
Dimensional accuracy of castings Value of shipments, million $ 239.4 258.2 


made in rubber molds is good in the 
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frame) and plated with bright nickel, with or 
without an undercoat of copper. Underplating 


provides protection against tarnishing. The final 
plating or coloring is then done in any desired 
color, as for example gold, silver or rhodium. 
Pieces which are too small for wiring are barrel- 
plated. 


Gold plating of costume jewelry is more of 


an art than a science, because the object of the 
plater is usually to obtain shades of color which 
will have more sales appeal than the yellow color 
of pure gold. These shades of color are obtained 
by adding other metals such as silver, nickel, 
copper and tin to the gold cyanide plating solu- 
tion. The resulting alloy plates are said to vary 
in composition from 14 to 22 karat; the plates are 
also extremely thin (from 0.000002 to 0.000005 
in.) because thicker plates are not bright enough. 
“Bright plating” solutions are available for plat- 
ing fine gold, but bright karat gold plating 
solutions are still in the research stage. Karat 
gold plating is done in a bath with insoluble 
anodes (platinum) with periodical additions of 
concentrated plating solution to replace the 
metals plated out or removed in the form of 
“dragout”. Gold anodes can be used in baths 
for the electrodeposition of fine gold. 

Gold electroplating of costume jewelry, which 
previously had been relatively free from rules 
and regulations, was recently (July 1957) brought 
within the scope of the “Trade Practice Rules for 
the Jewelry Industry” of the Federal Trade 
Commission. In the future “gold electroplate” 
will have to be not less than 10 karat and have a 
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Fig. 4—Jewelry Is Wired 
to Cathode Frames for 
Electroplating if Pieces are 
Large Enough. Otherwise 
barrel plating is used 


thickness equivalent to at least 0.000007 in. of 
fine gold. Thinner gold plates satisfying the 
minimum karat requirement may be marked 
“gold washed” or “gold colored”. It is too soon 
to say how the new requirements will affect the 
gold plating of costume jewelry. Incidentally, 
it has been claimed that the manufacture of 
salts, solutions and anodes for the electroplating 
of gold is a multi-million dollar industry. 

Lacquering—Synthetic lacquers used on cos- 
tume jewelry include high-quality colorless 
transparent plastics, both thermoplastic and 
thermosetting. With the use of these synthetic 
lacquers and an undercoat of bright nickel, the 
manufacturer of costume jewelry has been able 
to retain the beauty of flash plates of gold and 
silver almost indefinitely in spite of their being 
very thin. Electroplated pieces are sprayed 
with the lacquer and baked in an oven at more 
than 250° F. It is claimed that some of the 
lacquers after appropriate baking treatments are 
as hard as porcelain. 

Anodizing Aluminum—A small amount of 
aluminum costume jewelry is finished by anodiz- 
ing by one of the commercial processes. High- 
purity aluminum, sometimes alloyed with 1% 
magnesium, gives the best results. The clear 
anodized finish can be made to give various tones 
of “silver” depending on the polishing pretreat- 
ments. The anodized surface can also be dyed 
with different colors, such as pink, blue and gold. 
One “gold” dye is the mineral pigment iron 
oxide, which is preferred to organic dyes where 
lightfastness is important. Se 
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A New Quenchant for Steel 


A solution of polyvinyl alcohol in water gives cooling rates 


By P. E. CARY, 
E. O. MAGNUS 
and W. E. HERRING* 


between those of water and oil; medium-carbon steel parts 


Prostems 1 the quenching of 
medium-carbon steel parts have plagued heat 
treaters for many years. Objects that would 
harden adequately in water were apt to crack; 
when oil was used instead, the cracking was 
eliminated, but the hardening response also 
dropped. In short, water cooled the parts too 
rapidly while oil cooled them too slowly. A 
quenching medium with a cooling rate between 
those of water and oil was needed. This gap 
is now partly filled by a new quenchant now in 
use at the International Harvester Co. 
Polyvinyl alcohol, when mixed 5 to 30 parts 
by weight with 10,000 parts of water, will reduce 
the quenching rate enough to eliminate cracks 
in most instances. The quenching action is 
somewhat unusual. As the austenitized part 
enters the solution, the familiar vapor envelope 
forms. A viscous gel also appears around this 
envelope and the part stays hot much longer 
than it does when quenched in water. Cooling 
rate determinations prove that quenching is 
slowed appreciably by the gel. This insulat- 
ing envelope collapses, and the part cools 
rapidly; contact with the liquid occurs in 
the last quenching stage. The gel forms again, 
and redissolves when the cooling is completed. 
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can be readily hardened with little danger of cracking. (W28p, NM-b) 


A thin vinyl film, which retards rusting, remains. 
Figure 1 illustrates the times required for the 
collapse of the vapor envelope formed on speci- 
mens quenched in water and polyvinyl alcohol 
solutions. 

The insulating effect of the film is best illus- 
trated by end quench test results (Fig. 2). Dif- 


ferent solution concentrations harden C 1053 
steel at varying rates; the hardenability curves 
range between those produced by water quench- 
ing and oil quenching. 


Preparation 


Polyvinyl alcohol can be obtained in a 15% 
concentration water solution. A typical formula 
which includes a mold inhibitor and an antifoam 
additive follows: 


15% Srocx SoLuTION FormuLa 
Polyvinyl alcohol 15.28 wt. % 
(DuPont Elvanol, Grade-50-42) 
Antimold (Du Pont “Shirlan A”) 0.40 
Antifoam (Dow Corning “Antifoam A”) 0.40 
Water 83.92 


*Chief Research Metallurgical Engineer, Principal 
Research Metallurgist, and Research Metallurgist, 
respectively, Manufacturing Research, International 
Harvester Co., Chicago. 
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Fig.1 — Cooling Rate Comparison of Wa-_ interval; water ge is complete 
ter (Top) and Polyvinyl Alcohol Solution in 15 sec. while the polyvinyl alcohol 
(Bottom). Each beaker represents a 5-sec. gel retards cooling for over 20 sec. 


This stock solution is diluted to a 0.05 to 0.30% 

concentration which can be used equally well 

in either a pressure-spray quench system or an 

immersion quench tank. \ oter 
The cost of this solution, as diluted for use, is 
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estimated to be 2 to 3¢ per gal. A heat exchanger , oe 
controls the solution at 90 to 110° F. nor- 5 mo 
mally, although as low as 60° F. and as high 

as 150°F. have been used. Pumps, heat ex- \.. 0.1¢ 


0 
changers, and fittings designed for use with water \ \ 


are suitable for the solution, providing exposed 
surfaces do not exceed 180° F. Otherwise, an 


insoluble solid, much like a varnish coating, is 


deposited. 


Hazards 


The quenchant is nonflammable as diluted for 
quenching. No indications of any skin troubles 
have been observed from the use of either 


the solid or water solutions. The experience of \ 


Fig. 2—Hardenablity Curves for C 1053 
Quenched With Water, Oil and Three 
Concentrations of Polyvinyl Alcohol. By 
varying the concentration and tempera- 


ture of the new quenchant, a number of Distance From GQueached End, 1/16 In. 
different cooling rates can be obtained . 
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polyvinyl alcohol users in the Wetigue Lie of Large Geass 


textile and adhesive industries 


also indicates this material to a met PRESSURE 
be safe. ESTS ANGLE 


AVERAGE 
CYcLEs REMARKS 
To Faituret 


| 
Applications 17 oe | 79,000 Unpeened, water quenched, all failed. 
8 22 234,800 Peened, water quenched, all failed. 
At present, no particular 14 22 281,000 | Unpeened, 0.10% polyvinyl alcohol 
theory is advanced for the | quaaenes, all failed. 
peculiar quenching effect, but = alcohol 
quenched, two did not fail. 
im any production method, 6 25 | 469,500 | Unpeened, water quenched, one did not 
results are the final criterion. fail. 
The method, whatever its 1] 25 | 940,000 Unpeened, 0.12% polyvinyl alcohol 
actual mechanism, is very quenched, ten did not fail. 
effective. Here are some *Tangential load is 84,800 Ib. in all tests 
examples. +Tests which did not fail were stopped at 1,000,000 cycles and were in- 
Large gears of C 1045 steel cluded in the average. 
with a 32-in. diameter and a 
3'2-in. face width were to be induction hardened. 
They were preheated to 600° F., rotated in an 
inductor and heated with 3000-cycle current. 
After austenitizing, the gear was quenched with 
water and tempered at 600° F. When water was 
replaced by the polyvinyl solution, the fatigue 
life was approximately tripled as the table shows. 
The quenching solution improved fatigue life 
as much as shot-peening did; when both shot- 
peening and vinyl quenching were used, the 
greatest improvement was obtained. 
Figure 3 shows the hardness depth attained 
in a large tractor rear axle made from C 1041 
steel. Since this axle contained sharp splines and 
keyways, it could not be quenched in water with- 
out cracking, and oil quenching did not produce 
sufficient depth of hardness. A solution of poly- 
vinyl alcohol produced satisfactory mechanical 
properties without cracking. In another appli- 
cation, the polyvinyl alcohol solution has been 
used to quench the oil pump gear of a camshaft. 
Previously made from C 1045 forgings, these 
gears were quenched in water; a shallow heat 
pattern was needed to avoid cracking. Oil 
quenching resulted in low hardness; a smoky, 
dirty operation was also experienced. The new 
quenchant produces a higher hardness and a 
thicker case than does oil, and no cracking 
occurs, 
In tractor transmission gears, quenching with 
the polyvinyl alcohol solution has enabled us to 
substitute C 1050 for the more expensive C 1053 
needed when the part was oil quenched. 
Steering knuckles and transmission shafts are 
also being successfully quenched in this new 


dium. We feel that this y ‘ 
ve allege 7 is new quenchant, Fig. 3—Tractor Rear Axle Shaft, C 1041, Induc- 


while not a cure-all, fills a definite need, particu- tion Heated and Quenched in 0.15% Polyvinyl Alco- 
larly for quenching medium-carbon steels. @ hol Solution. The section has a 2.5-in. diameter 
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Improvement 


in 


High-Temperature 
Alloys 
by Boron 


and Zirconium 


By W. J. PENNINGTON* 


Ix 1930 the maximum operating tem- 
perature of gas turbine buckets was approxi- 
mately 1300° F.; in 1940 it had been increased 
to about 1470° F. and in 1950 still further to 
about 1580° F. The duty of other components 
has gone up in similar fashion. These increases 
in operating temperatures could only have been 
achieved by the development of new alloys and 
improved melting and fabrication practices. 

Modifications in chemical composition (in- 
creases in total hardener content) have been 
primarily responsible for the increase in high- 
temperature strength during the last 25 years. 
Recently conventional melting practices have 


*Research Associate, Universal-Cyclops Steel 
Corp., Bridgeville, Pa. Acknowledgment is made to 
Kenneth Metcalfe, Chief Metallurgist, Bridgeville 
Plant, and Frank M. Richmond, Manager of Mate- 
rials Research, for their contributions. 


While most tramp elements 

have been regarded as detrimental 

to high-temperature alloys, 

it is found that additions of 0.01% boron 
and 0.10% zirconium (or both), 

usefully reduce the tendency to notch 
brittleness at service temperatures 

and improve rupture strength. 

(Q3m, Q26s, 2-60; SGA-h, 

Fe, Ni, Co, Zr, B) 


been improved to the point that alloys with 
higher average rupture strengths can consis- 
tently be produced; however, there has been very 
little decrease in the amount of scatter of test 
results. To reduce this variation between suc- 
cessive test results, vacuum melting of super- 
alloy grades has been introduced. The first 
commercial vacuum induction furnace in the 
United States was put into operation at Univer- 
sal-Cyclops Steel Corp, in 1954 and trade named 
Inductovac®. Originally a 1000-Ib. unit, it has 
since been modified to 2000-Ib. capacity. 

The alloys produced during the early days of 
vacuum-induction melting revealed small 
amounts of scatter but to a much lesser extent 
than in the corresponding air-melted alloys. 
According to F. T. Chesnut, writing in Metal 
Progress, December 1955, heat-to-heat variation 
was still a problem, indicating that there were 
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Table I — Nominal Composition of the Alloys 


ELEMENT M-252 | J-1570 | Waspatoy | Nimonic 90 | 


Carbon 
Chromium 
Molybdenum 
Cobalt 
Aluminum 
Titanium 
Iron 
Tungsten 
Vanadium 
Nickel 


0.10 0.15 0.07 
20.0 20.0 

4.0 

36.0 14.0 

1.3 

4.4 3.2 

1.0 1.0 

7.0 


Bal. Bal. Bal. 


some uncontrolled variables (generally attrib- 
uted to differences in melting procedures which 
affected the total gas or inclusion contents, or 
both). An attempt to correlate these factors 
with resulting properties was unsuccessful and 
a comprehensive investigation was undertaken 
by the Universal-Cyclops research and develop- 
ment department. 

The conclusions were quite striking. Mere 
traces of residual elements such as boron and 
zirconium were potent enough to alter strongly 
the high-temperature rupture life and rupture 
elongation. This is quite significant since rup- 
ture elongation is normally expected to decrease 
with increasing rupture life. Furthermore, small 
controlled additions of either boron or zirconium 
reduced the scatter in test data for 
any given alloy. 

It was also discovered that boron 
or zirconium or both could get into 
vacuum-melted heats accidentally 
as contaminations of certain raw 
materials or from the crucible. R. 
F. Decker, J. P. Rowe and J. W. 
Freeman, working at the University 
of Michigan and reporting to Na- 
tional Advisory Committee for 
Aeronautics (Report No, 55, Jan. 
18, 1957), have evaluated the ef- 
fects of boron contamination from 
the crucible, made either of mag- 
nesia or zirconia. 

As part of the investigations at 
Universal-Cyclops, small additions 
of both boron and zirconium were 
intentionally made to _ various 
nickel-base and cobalt-base heats 
and each heat evaluated. In ad- 
dition, the effects of small boron 
additions to commercial, air- 
melted, electric arc furnace heats of 
the iron-base superalloy A-286 were 
evaluated. It was also necessary to 
devise accurate and reproducible 
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chemical methods for the determination of small 
boron contents — which proved to be an impor- 
tant phase of the problem. 


Vacuum Melting 


A series of 1000-lb. heats, induction melted in 
vacuum, was made of the following grades: 
M-252, J-1570, Waspaloy and Nimonic 90. The 
nominal chemical compositions (except for boron 
and zirconium contents) have been listed in 
Table I. Melting was by standard vacuum- 
furnace procedures. All evaluations were made 
on one of four ingots from each heat. The first 
or control ingot was tapped prior to any boron 
or zirconium addition; the second ingot was 


tapped after an addition of either 0.005 to 0.01% 


Fig. 1 — Effect of Testing Temperature on Tensile 
Properties of Cast Vacuum-Melted Alloy M-252 
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Table Il — Schedules for High-Temperature Tests 


| SOLUTION AGING Creep Rupture TENSILE TEST 
GraDE | TREATMENT | TREATMENT | STRESS | TEMPERATURE | TEMPERATURE 
M-252 thr.at | I5hr.at | 35,000] 1500°F. |  1350° F. 
1950° F. | 1400° F. psi | | 
J-1570 Qhr.at | 24hr.at | 20,000/| 1650 1350 
2150 1650 
Waspaloy 4hr. at 24hr.at | 40,000 | 1500 1350 
1975 1550, plus | 
16 hr. at 
1400 
Nimonic | 8hr. at 16hr.at | 20,160 | 1600 1500 
90 1975 1300 | | 


boron or 0.05 to 0.10% zirconium. 

After the second ingot was tapped, the other 
addition (either boron or zirconium) was added 
to the balance which was then tapped into two 
ingots containing both boron and zirconium. 

From our previous experience, such addi- 
tions were known to have a great effect on 
forging characteristics, and to determine this 
effect quantitatively the following method was 
devised: Four tensile specimens were machined 
from small as-cast samples, and tested at 1900, 
2000, 2100 and 2200° F. at a nominal strain rate 
of 8 in. per in. per min. Tensile elongation and 
reduction of area were then correlated with 
test temperature; Fig. 1 is an example for M-252, 
from which the forging temperature of 2050° F. 
was selected for KA-163 (M-252 with 0.01% B 
and 0.10% Zr). Using forging temperatures de- 
termined in this manner, ingots were forged to 
4-in. square billets and subsequently hot rolled 
to 54-in. rounds. While no attempt will be made 
to present the specific practices for each grade, 
each ingot was fabricated using opti- 
mum procedures for each alloy. 

Specimens from the %-in .bar. 


Air Melting 


Normal practices for melting in air have 
been known to produce high-quality A-286; 
however, susceptibility to notch brittleness, 
along with large amounts of scatter, has caused 
the rejection of many heats. Careful evalua- 
tion of these rejected heats failed to find the 
real cause, and it was concluded that the trouble 
resulted from a summation of minor effects 
detrimental to mechanical properties at elevated 
temperatures. 

A comprehensive study of the many variables, 
undertaken by the quality control group at Uni- 
versal-Cyclops Steel Corp., discovered that very 
small amounts of boron were required to meet 
existing specifications, particularly as to high- 
temperature notched rupture strength. Conse- 
quently a series of 13 air-electric arc furnace 
heats of A-286 were made, the first six without 
any boron, and the remaining seven heats with 
intentional boron additions ranging from 0.0037 


Table II] — Average Improvement Factors for 


M-252, J-1570, Waspaloy and Nimonic 90 


stock of each heat were solution- ; 
tonnted and rough machined to 0.335 PROPERTY Boron (a) | Zirconium (6) | B+Zr (c) 
in. in diameter. Final machining was | Minimum creep rate* (d) 1.19 3.02 3.48 
into test pieces with 0.160-in. re- Rupture lifet (4) 1 2-20 387 
fillet Rupture elongationt (d) 1.58 1.27 2.27 

ed secuon, 4 in. between HMets 9.2% yield strengtht (e) 0.97 1.04 1.01 
at the shoulders. Both smooth speci- _ Tensile strengtht (e) 1.00 1.01 1.01 
mens and notched specimens were Tensile elongationt (e) 1.36 0.99 1.36 


made. The latter had a 60° V at (a) 0.005 or 0.01% B 

mid-length, 0.024 in. deep, and (6) 0.05 or 0.10% Zr 

0.005-in. radius at bottom. Speci- (c) Any combination of (a) and (6) 

mens were then aged, and ground (d) Testing conditions noted on Fig. 2 and 3 


and polished to final size. Creep- 
rupture and elevated-temperature 


(e) Short-time high-temperature test at 1350 or 1500° F. 


*Improvement factor for minimum creep rate = (Value for control 
alloy)+ (Value for alloy containing B or Zr) 


tensile tests were run on the schedule tImprovement factor = (Value for alloy containing B or Zr)+ (Value 


shown in Table II. 
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for control alloy) 
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Fig. 2—Effect of 
Boron and Zirconium 
on Creep Character- 
istics of Vacuum- 
Melted M-252 (Top), 
J-1570 (Middle) and 
Wasapaloy (Bottom) 


to 0.009%. Ingots from these heats were forged 
and hot rolled to 1.375-in. squares in the normal 
way.* 

Since notch-brittle characteristics are of para- 
mount importance, stress-rupture tests were 


Lr 


Zr 


Wy, oy 
Tested DO 


one 4 Py 


made on plain bars and on notched bars ma- 
chined from these squares. All were conducted 
at 1200° F. under a stress of 62,500 psi. 

Since the boron in the heats under investi- 
~ *See Table I for nominal composition of A-286. 


Fig. 3—Effect of Boron 
and Zirconium on Creep 
Characteristics of Vacuum- 
Melted Nimonic 90. Note 
difference in horizontal scale 
between Fig. 2 and Fig. 3 
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gation is present in quite small percentages, a 
method was devised to insure accurate and 
reproducible determinations in these alloys. 
This method, as developed by Universal-Cyclops 
Steel Corp., utilizes the characteristic rose color 
of boron-curcumin complex. The boron is first 
isolated by distillation as methyl borate after 
previous solution with mineral acids and subse- 
quent sodium carbonate fusion of insoluble resi- 
dues. The determination is completed colori- 
metrically by photometry. This method has 
proved to be rapid and accurate in determining 
exact boron concentrations of the magnitude 
studied in this investigation. A detailed descrip- 
tion is available upon request to E. E. Hall, 
Titusville plant, Universal-Cyclops Steel Corp., 
Titusville, Pa. 


Discussion of Results 


Creep curves on the metal described above 
are given in Fig. 2 and 3, and demonstrate that 
both boron and zirconium additions in the 
ranges investigated are beneficial to elevated- 
temperature properties as measured by creep 
rate, rupture life and rupture elongation. More- 
over, boron and zirconium in combination are 
more potent together than either element by 
itself. 

The data compiled in Table III illustrate this 
effect more clearly. It presents average improve- 
ment factors for rupture life, elongation, yield 
strength and tensile strength by calculating the 
ratio of these properties for alloys with boron 
or zirconium to those without either element. 
The improvement factor for minimum creep 
rate is the ratio of this property for each alloy 
without boron or zirconium to that of the alloys 
with boron or zirconium. An improvement 
factor of two for rupture life, for example, indi- 
cates that the rupture life has been doubled; an 
improvement factor of two for the minimum 
creep rate indicates that the creep rate has been 
halved. Neither boron nor zirconium has much 
effect on tensile strength at high temperature 
but the tensile ductility is increased. 

Small amounts of either boron or zirconium 
also have an appreciable effect on forgeability of 
each of the nickel-base and cobalt-base alloys 
investigated. The ultimate strength and the 
ductility of as-cast metal were plotted as a 
function of test temperature in figures similar to 
Fig. 1. Reviewing these curves, we note that 
the ultimate tensile strength is not significantly 
changed by variations in boron and zirconium; 
on the other hand, the tensile ductility at tem- 
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peratures between 1900 and 2200°F. may be 
greatly affected by small boron and zirconium 
additions. In general, as the total (boron plus 
zirconium ) is increased the temperature at which 
maximum ductility occurs is successively de- 
creased; therefore, to obtain optimum forge- 
ability the forging temperature must also be 
decreased. The tensile ductility for as-cast 
Nimonic 90 containing both boron and zirconium 
has a sharp maximum at approximately 2000° F., 
thereby illustrating the narrow forging range 
for this particular heat. 

The effect of small boron additions on rupture 
life of the notched bar and plain bar was studied 
statistically for alloy A-286. It became apparent 
that the main effect of boron (in the levels 
studied) is to increase the notched-bar rupture 
life at 1200° F. and 62,500 psi., as clearly shown 
in the following data: 

PERCENTILE 
10% 50% 90% 
Boron-free heats 

Notched bar 6.5 hr. 64 hr. 109 hr. 

Plain bar 30 52 109 
Boronized heats 

Notched bar 450 1240 

Plain bar 42 82 160 


This table indicates that notch-brittle tenden- 
cies may be observed in heats containing no 


boron; that is, the probability of a failure at a 
notch in this material is extremely high since 
a great majority of the notched-bar tests gave 
shorter lives than the plain bar tests. On the 
other hand, there is an extremely small probabili- 
ty of a notch failure in the heats with boron 
additions, since the average rupture life for the 
notched bar (50 percentile) is approximately five 
times greater than the plain-bar rupture life. 


Conclusions 


It can be seen that small additions of boron 
and zirconium greatly improve the rupture life 
and ductility of the vacuum-melted nickel-base 
and cobalt-base alloys M-252, J-1570, Nimonic 90 
and Waspaloy. This improvement varies from 
grade to grade but is of significant importance in 
all. Controlled additions of these elements result 
in over-all increase in the average rupture life 
from heat to heat. 

Small boron additions to the air-melted iron- 
base austenitic alloy A-286 greatly improve the 
notched-bar rupture strength, thus minimizing 
the probability of notch brittleness in these 
materials. In fact this particular alloy requires 
boron in order to meet existing specifications. @ 
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Descaling 


Titanium 


By W. B. STEPHENSON, JR.* 


Donne work with titanium, it de- 
veloped that the forming and welding of sheet 
titanium were appreciably affected by the con- 
dition of the metal surface. Often it was im- 
possible to shape it without cracking unless it 
was heated to temperatures which varied from 
450 to 1000° F. — the temperature depended on 
the severity of the draw. Since this heating was 
done in air, a thin oxide film formed; this film 
often became a problem during subsequent 
welding or cold forming operations. 

Naturally, the only solution to a difficulty of 
this sort is to get rid of the film. We began the 
investigation by determining the type of scale 
formed at different temperatures; the following 
table lists the information which resulted: 


TEMPERATURE CoLor CHARACTER 

400° F. no change light, tight 
600 light gold tight 
750 brown gold tight 
900 may blue tight 
1000 lue gray tight 
1200 dark gray loose 
1350 gray flaky 


MARCH 1958 


A hot solution of sulphuric acid 

and calcium fluoride, followed by 
nitric-hydrofluoric acid 

gives a bright surface, 

free from pits. Such treatment does 
not endanger formability. 


This gave us a rough check on the tempera- 
ture that had been used to heat treat different 
parts. The next step was to try various methods 
of pickling. A molten salt bath was available; 
however, it became effective for descaling only 
at temperatures above 1000° F. Since titanium 
burns quite readily at that temperature, this 
method is hardly practical. The familiar nitric- 
hydrofluoric pickling bath was also tried but it 
often left the surface pitted and rough as Fig. 1 
illustrates. Further experimental work devel- 
oped a solution of sulphuric acid and calcium 
fluoride which, when hot, converted the scale 
to a gray film that could be removed by a short 
immersion in a hot mineral acid bath, preferably 
a combination of 10% nitric acid with 2% hy- 
drofluoric acid. Since the resulting surface was 
bright and smooth (Fig. 2), further work was 
performed to determine the welding and shap- 
ing characteristics of the sheet. 

Welding tests began with the measurement of 


 *Unit Supervisor, Flight Propulsion Laboratory, 
Aircraft Gas Turbine Div., General Electric Co., 
Cincinnati, Ohio. 
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- (L12g, Q23q, Q5; Ti) 


the surface resistance of the titanium sheet — it 
varied between 180 and 800 microhms. 

A series of panels was then heated at 1000° F. 
for 1 hr. in an oxidizing atmosphere, producing a 
thin tight bluish-gray scale with a surface resist- 
ance of 12,500 to 25,000 microhms. These panels 
were immersed in the H,SO,-CaF, mixture for 
5 min., rinsed, pickled in HNO;-HF for 2 min., 
rinsed, and blown dry. Resulting surfaces were 
smooth and bright; they had a surface resistance 
of 80 to 210 microhms. Figure 3 illustrates the 


Fig. 1— Titanium Strip pickled in HNO;-HF 
Solution. Note the roughened, pitted surface 


Fig. 2 — Titanium Treated in H,SO,- 
CaF, Solution and HNO3;-HF solu- 
tion. A smooth surface is produced 


s, From Left 


Fig. 3—Sheet Titanium Stri 
to Right, As-Received, Heated to Form Thin 
Scale, Treated in H.SO,-CaF, Solution, and 
Treated in HNO;-HF Solution. The latter 
surface is bright and free from pitting 


appearance of the various surfaces, before, dur- 
ing, and after treatment. 

Three sets of peel specimens and one tensile 
specimen made from “as-received” sheet were 
spot welded, as were three tensile specimens and 
seven peel specimens from the pickled panels. 
These specimens were peel tested; all spot welds 
on the pickled panels were good. Titanium strips 
overlapped 1 in. and spot welded once provided 
the tensile tests. They also proved the pickling 
treatment to be effective; the strength rose from 
2180 Ib. to an average of 2740 lb. 

Surface loss from the acid treatment was lim- 
ited; 5-min. immersions in the H.SO,-CaF, 
solution resulted in a surface loss of 0.00015 in. 
while similar times in the HNO,-HF bath caused 
a surface loss of 0.0006 in. 

The fact that titanium sheet is also deep drawn 
means that the ability of this pickling method to 
produce material which welds satisfactorily is 
not the only criterion. Factors such as hydro- 
gen embrittlement and _ stress-corrosion, since 
they affect the formability, must also be con- 
sidered. Hence, bend tests were run. In only 
one case did any of them fail — specimens heated 
but not pickled cracked in the V-block test. 
This effect is pictured by Fig. 4 along with typi- 
cal specimens in the as-received condition and 
after each of the two acid treatments. 

Some observers have reported that titanium 
which had shown no cracks immediately after 
bending did exhibit cracks several days after 
bending. Therefore, specimens were checked 
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Fig. 4— These V-Block Bend Tests Are Treated 
in the Same Manner as Those Shown in Fig. 3. 
Cracking is apparent only in the strip which was 
heated to form a thin scale; the subsequent 
descaling operations removed this deficiency 


again after two months’ storage at room temper- 
ature; no cracks had developed during this 
period. 

To check the possibility of stress-corrosion, 
strips of titanium sheet in the as-received con- 
dition were stressed to a calculated 30,000 psi. 
in a jig and processed (while still stressed) in 
each of the pickling solutions. Inspection at 
20x revealed no sign of corrosion or cracking. 
With the thought that microscopic intergranu- 
lar corrosion might have occurred, however, 
these same specimens were also examined at 
1000 ; again, no corrosion appeared. 

As a final test, the hydrogen content of the 
titanium strips (in each condition — as-received, 
heated, and pickled) was determined by the 
vacuum fusion method. It varied between 223 
and 248 ppm. Since this spread is within the 
experimental error of the equipment used by us, 


we feel there is no evidence of hydrogen pickup 
during the acid treatments. 

Thus, all of our tests on formed titanium 
sheet cleaned by this two-solution descaling 
method proved it to be entirely adequate for 
any of our subsequent processing. =] 


What’s Happened to Cermets? 


By J. W. GRAHAM 
and W. F. ZIMMERMAN* 


Originally intended for jet engine parts, cermets have become 
useful in other fields. Their resistance to corrosive liquid metals 
and acids makes them valuable for pump seals in rockets 


and nuclear plants. 


Crenmets HAVE HAD a fascinating history. 
As with shell molding and tape recording, the 
original work was done by the Germans during 
World War Il. During investigations on the 
practical aspects of aircraft jet engines, they 
realized that they needed a material which 
would have the strength of a metal as well as 
the heat resistance of a ceramic. The obvious 
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(Q general, T2p, T11, 17-57; 6-70) 


solution being to combine the two, they devised 
a mixture of iron and aluminum oxide of unusual 
strength and thermal shock resistance. Soon 
after the war, technologists in the U.S. Air Force 
recognized that considerable work was war- 


*General Electric Co., Aircraft Gas Turbine Divi- 
sion, Evendale, Ohio. A second article on cermets 
in jet engines will be published in a future issue. 
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ranted on metal-ceramic combinations. The 
word “cermet” was applied to such compositions 
with the feeling that these materials would have 
the advantages of both constituents. 

Research on oxide-base cermets was begun at 
the ceramic department of Rutgers, Ohio State 
University, and University of Illinois; they in- 
vestigated, respectively, MgO-TiN-N:, Al,O;-Cr, 
and BeO-Be-Co mixtures. A group at Ohio State 
University, in fact, made notable accomplish- 
ments in Al,O;-Cr combinations after studying 
favorable processing and bonding relationships 
between a wider group of materials. Similar 
combinations of Al,O;-Cr were also devised by 
the Union Carbide and Carbon Corp. 

As time went on, more and more people 
began to see possibilities in cermets. By the 
late 1940's, carbide tool manufacturers were 
using powder metallurgy processes in their work 
on new compositions for jet engine components 
based on titanium carbide. The carbide cermets 
were being studied in England by Trent, Carter 
and Bateman who developed TiC-CrC-Ni com- 
binations. Also, Richard Kieffer was working in 
Reutte, Austria, at the Metallwerke Plansee on 
titanium carbide combinations with refractory 
nickel-base corrosion resistant alloys. 

In this country, Kennametal Inc., Firth Ster- 
ling Co., Sintercast Corp. (with Thompson Prod- 
ucts Co.), American Electrometals Inc., and 
Eaton Manufacturing Co. all contributed con- 
siderably to cermet development, each being 
concerned with its own proprietary processing or 
compositions. With the many new techniques 
required for the production of cermet parts as 
well as in their laboratory and engine test evalu- 
ation, a broad base of technical talent was 
marshalled to make the high-temperature char- 
acteristies of cermets available and usable. 


Properties 


The oxide-base cermets were quite naturally 
expected to be most suitable for resisting oxi- 
dation. An intensive study of this group at Ohio 
State University showed that Al,O; bonded by 
chromium possessed satisfactory resistance for 
long periods up to 2200°F. and for shorter 
periods even to 2750° F. 

Several other approaches to oxidation resist- 
ance were tried. Using titanium carbide as a 
base, compositions were developed with chro- 
mium — either as an alloying agent with the 
ferrous group metals or as a carbide additive. 
Other additions tried were corrosion resistant 
alloys (generally high in chromium), glass 
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Fig. 1—Stress-Rupture Curves for 
Various Cermets; 100-Hr. Duration 


formers such as boron or silicon, and the colum- 
bium-tantalum carbides. All were successful 
in increasing the oxidation resistance of cermets 
based on TiC, especially between 1400 and 
2000° F. Personnel of Ohio State University 
who studied the oxidation phenomena concluded 
that, as in alloys, oxidation resistance was related 
to the electrical characteristics of the coating. 

Intensive research was also aimed at improving 
the other important cermet properties, including 
stress-rupture, ductility, fatigue and impact re- 
sistance. Further improvements in stress-rup- 
ture have lately been announced: Kennametal, 
for irstance, has a TiC base cermet which with- 
stands 28,000 psi. at 1800° F. for 100 hr. Figure 
1 summarizes these data along with the proper- 
ties of several other cermets. The testing which 
has been done shows that the elongation rises 
and the strength drops as the temperature gets 
higher. To date, the greatest amount of duc- 
tility reported was 3% elongation at 1600° F. 
for a cermet with high metal content. This is 
quite low in comparison to the 30 to 60% elonga- 
tion reported for some superalloys at this tem- 
perature. Also indicated, of course, is the useful- 
ness of cermets in applications where resistance 
to deformation under comparative stress condi- 
tions is a primary factor. Typical tensile test 
curves are illustrated by Fig. 2. 

While some of the strongest TiC cermets 
resist 75,000 psi. when tested for fatigue at room 
temperature, the curves are rather flat because 
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Curves at Elevated Temperatures. 
The curves for K-164B each 
represent an individual test. 


cermets cannot resist significantly higher strength 
for short periods. In general, however, the 
cermets have better unnotched fatigue strength 
than the superalloys. 


Impact Resistance 


Even though most of the properties needed 
for turbine bucket operation were obtained to 
a satisfactory point, low impact resistance re- 
mained to restrict the application of cermets in 
jet engines. Since impact resistance is so impor- 
tant, much effort was made to improve and 
evaluate this characteristic. 

Room-temperature impact values measured 
on unnotched Charpy-type specimens were 5 to 
10 ft-lb. as compared with values of 50 ft-lb. 
for existing turbine bucket alloys. To approach 
typical bucket cross sections, smaller impact 
specimens were devised and impact resistance 
was measured in testing equipment modified 
from those designed for plastics. Results were 
reported as in-lb. 

When many groups became involved in the 
impact testing of cermets, considerable varia- 
tions in test results were reported. To under- 
stand the reasons for this, Wright Air Develop- 
ment Center sponsored a detailed study of test 
methods at Alfred University, where it was found 
that any standardized test should be able to 
measure comparative and minute variations. A 
precise falling weight method, which received 
industry-wide acceptance, was the result. This 
test can determine small differences between 
various cermet grades; however, it developed 
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that significant compositional changes did not 
improve impact resistance appreciably. For 
example, the average range of impact resistance 
remained about one tenth that of such alloys as 
X-40*. Consequently, renewed creative activity 
was necessary to eliminate this obstacle. 

One approach tried by the Sintercast Corp. 
succeeded in raising the impact strength by 
metallic infiltration of semi-sintered TiC skele- 
tons. This produced a continuous ductile metal- 
lic structure with the carbide phase distributed 
as discrete particles. 


Applications 


While the cermets have never become usable 
in the jet engine applications for which they were 
originally intended, they have developed into an 
extremely useful mate rial for other parts. For 
example, they have been used where corrosion 
resistance is essential. Zirconium boride cermets 
are not attacked by molten aluminum and they 
have been used for thermocouple tubes. Centri- 
fuge scrapers in salt solution are another appli- 
cation for corrosion resistance. 

In nuclear energy applications for such items 
as fuel elements, control rods, bearings and 
alkali-metal heat transfer media, the 
characteristics 


seals in 
unique of cermets have made 
them extremely useful, particularly when modi- 
fied to meet the demands of specific applications. 

Systems for handling liquid fuels for rocket 
propulsion have made use of the extreme hard- 
ness, wear resistance, corrosion resistance, and 
low thermal expansion of cermets — especially 
in seals at necessary joints or glands. In pumps 
and fuming 
characteristics are essential. 
Excellent possibilities also exist for cermets in 
rocket combustion chambers and missile com- 
ponents. 


for liquid oxygen, 
nitric acid, 


hydrocarbons 
these 


Other possible uses are as dies for 
ceramics, pressing, coining and extrusion of 
glasses, special valves, and autoclaves for chemi- 
cals; in all of these, the temperature-resistant 
properties of cermets are valuable. 

Cermets will undoubtedly be more widely 
applied ir the future. As of the moment, how- 
ever, the dlesign engineer lacks sufficient knowl- 
edge of their properties, while the cermet de- 
velopment engineer is not familiar with specific 
industrial areas in which cermets can be applied. 
Future cooperation between design and deve ‘lop- 
ment engineers will probably create unique 
materials for specific applications. ) 

+A good, and early, “superalloy” of cobalt, con- 
taining 28% Cr, 12% Ni and 7.5% W. 
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Iron Powder 


Made by the H-Iron Process 


By JEROME F. KUZMICK 
and KENNETH W. BRULAND* 


Magnetite concentrate of high purity is reduced by hydrogen (97% purity) 
at 400 psi. and 1000° F., and reheated in protective gas 

to 1500° F. to prevent reoxidation. Hydrogen is made 

from coke oven gas. Various grades of iron powder are suitable 

for molding, for a chemical reagent, and for 

high-grade melting stock. (H10c; Fe) 


Tue Avan Woon Steet Co. has been in- 
terested in iron powder for a number of years 
because it has available a raw material uniquely 
suited for its manufacture. Since 1929, the com- 
pany has operated its Scrub Oaks Mine in 
Dover, N.J., which is the largest known mag- 
netite iron deposit in that state, mining approxi- 
mately 3500 tons per day. The ore contains 28% 
iron; it is crushed to %-in. lumps, and the mag- 
netite removed from the gangue by magnetic 
separators. (Since the ore contains some hem- 
atite, a gravity system of concentration is also 
used.) The main product is known as “regular 
grade concentrate”, analyzes about 67% iron, 
and goes to the company’s blast furnaces at the 
steel works in Conshohocken, Pa. 

During recent years, the company has been 
interested in the development of special prod- 
ucts. The mining division studied the proper- 
ties of the ore to develop grades of magnetite 
suitable for other applications. The regular 
grade concentrate was found to contain a large 
proportion of particles smaller than 30 mesh 
which were free, or nearly free, of impurities. 
Separation of these particles by gravity resulted 

* Mr. Kuzmick is consultant to Alan Wood Steel 
Co., and Mr. Bruland is superintendent of the iron 
powder plant. This article is from a paper presented 
at a Symposium on Powder Metallurgy, held jointly 


by the Metal Powder Association and the American 
Society for Metals, Chicago, Nov. 7, 1957. 
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in a product containing over 71% iron which is 
marketed as “high-grade concentrate” and has 
been accepted for application in many chemical 
processes. 

Further study of this high-grade concentrate 
indicated that the remaining impurities were 
finely disseminated throughout the ore. Upon 
ball milling to pass through a 100-mesh screen, 
most of these impurities were freed and could 
then be eliminated by a magnetic separator. In 
this way a concentrate of about 99.7% Fe;QO,, 
containing over 72% iron, was produced and be- 
came known as “super high-grade concentrate”. 
Analyses of each are given in Table I, and it can 
be seen that the silica has been reduced to 
0.17% and other insolubles reduced to 0.10% in 
the super high-grade concentrate. 

About six years ago, a research program was 
started at Alan Wood Steel Co. on a process for 
manufacturing high-quality iron powder from 
the high-grade and super high-grade concen- 
trates. Many methods of reducing iron oxide 
by carbon and hydrogen were studied. It 
seemed undesirable to copy some other process, 
and desirable to stick to a high-temperature re- 
duction method. At no time was consideration 
given to the so-called fluid bed methods of re- 
duction because of several failures in previous 
attempts by other investigators, usually due to 
the reduced iron sticking to itself and to the 
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Fig. 1 — Flow Sheet 
of H-Iron Process 


walls of the reducing chamber, finally jamming 
the whole apparatus. 

After about two years of such work a high- 
temperature reduction method was developed 
which looked very promising and produced 
high-quality iron powder. Construction of a 
pilot plant was authorized and patent rights were 
later received for the method.* The pilot plant, 
which had a capacity of about one ton per day, 
was in successful operation by late 1955. The 
quality was excellent, and many tons were suc- 
cessfully used in consumers’ piants. In March 
1956, $2,250,000 was appropriated for a plant to 
produce 25 tons of iron powder per day, based on 
this process. Just as engineering work was 
started, the company learned of the “H-iron” 
process developed by the Hydrocarbon Re- 
search Corp. in cooperation with Bethlehem 
Steel Co. Supposedly this produced iron at a 
cost sufficiently low to warrant its consideration 
as a scrap substitute, so work on the original 
plant was suspended while an investigation could 
be made. 

The H-iron process uses a “fluid bed” to re- 
duce iron oxide particles to iron powder. 
The shortcomings of previous attempts to 
utilize such methods were overcome in 
work done by the Hydrocarbon Research 


pends upon several factors, including an econom- 
ical source of high-purity hydrogen, ability to 
transport particles by a gaseous medium from 
one container to another, and reduction of iron 
oxide at sufficiently high pressure and low tem- 
perature that sintering of the particles to them- 
selves or to the container is avoided. 

Figure 1 is a flow sheet. The ore concentrate 
is preheated in a rotary kiln to about 900° F., 
transported by inert gas to a charge hopper into 
which hydrogen is then introduced and built up 
to a pressure of about 500 psi. — 100 psi. higher 
than the pressure in the reactor. As required, 
the ore from the charge hopper is transported 
through pipes and valves into the reducer by 
“dense phase transport”, which means that, at 
the pressure differential involved, the particles 
in their packed density can be forced to flow 
through pipes into a chamber at lower pressure. 
The method was first successfully demonstrated 
by the U. S. Bureau of Standards in the trans- 
port of coal particles. 

In the reducer, the oxide is converted to metal 
in three separate beds. Initial reduction takes 
place in the upper bed, intermediate reduction 


Table I— Analyses of Raw Materials 


Corp. in the petroleum field, and demon- CONCENTRATES 

strated by a plant at Brownsville, Tex., Component | Ore 

which was successfully operated for three REGULAR | © oe | Hicn-Grape 
ears, producing about 20 tons of iron pow- , , 

as a catalyst in a | 71.3 | 72.0 
Silica 45 55 | 06 | 0.17 

gasoline plant. Other insolubles | 14 1s | 02 | 0.0 
The success of the H-iron process de- Phosphorus 0.05 0.015 | 0.006 | Trace 
*U.S. Patent No. 325,104. Sulphur 0.03 | 0.010 | 0.004 | Trace 
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in the center bed, and final reduction in the 
bottom bed. Dry hydrogen of about 97% pur- 
ity, at a temperature of 1000° F., is introduced 
into the bottom of the reactor at a pressure of 
400 psi., and at velocity sufficient to maintain the 
iron particles in suspension on each bed. The 
result is a “fluid bed” process. As the hot hy- 
drogen is circulated around and between the 
particles, the oxide is reduced to metallic iron. 
The wet 


Water is the other reaction product. 
hydrogen issuing from the top of the reactor is 
then purified, dried and recirculated in the 
process (together with make-up hydrogen ). 
Division of the reduction into three beds re- 


sults in greater efficiency. At particular periods 
the ore is moved downward from bed to bed 
and is completely reduced in the bottom bed. 
The iron powder is then transported through 
piping and valves to a dump hopper. In this 
hopper the hydrogen pressure is brought down 
to standard atmospheric pressure and the hydro- 
gen is then removed by flushing the hopper with 
nitrogen. Finally, the reduced iron particles 
are removed from the dump hopper for further 
processing. 

All of the reduction is at temperatures below 
1000° F.; consequently no sintering occurs. As a 
matter of fact, the particle size of the reduced 
iron is just about the same as the particle size 
of the iron ore concentrate used as raw material. 

Either magnetite (Fe;0,) or hematite 
(Fe.O;) fines can be reduced in this manner; 
100-mesh particles are about two thirds reduced 
in two hours. From then on the magnetite is 
reduced more rapidly; about 95% of its oxygen 
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Fig. 2 — Flow Sheet of 
Hydrogen Recirculation 
and Make-Up System 


is removed in a total of 4 hr. whereas hematite 
requires about 8 hr. for equal reduction, 

Figure 2 is a flow sheet showing the apparatus 
for recycling of the hydrogen. The wet hydro- 
gen leaving the reducer is put through a heat 
exchanger where it helps preheat incoming fresh 
hydrogen. The wet hydrogen (now at about 
300° F.) is then put through a cooling tower 
where most of the water condenses. Some of 
the hydrogen is then vented in order to keep 
down the proportion of nitrogen in the cycle, 
as some nitrogen is present in the original hy- 
drogen and some enters with the raw concen- 
trates. The hydrogen may be further dried, if 
desired, and it is then added to make-up hydro- 
gen coming in from the gas manufacturing plant, 
after which it is compressed to the working 
pressure, 460 psi. From the compressor, it goes 
through the heat exchanger and then a furnace 
to bring it up to 1000° F., at which temperature 
it is introduced into the reducer. 

In investigating this process, the Alan Wood 
Steel Co. arranged to have several tons of its 
high-grade and super high-grade concentrate 
reduced in a pilot reactor at the Hydrocarbon 
Research Laboratory in Trenton, N.J. (A pho- 
tograph of this reactor prior to its being covered 
with insulation is shown in Fig. 3.) It was found 
that both grades could be successfully reduced 
(95% of the oxygen removed ). 

The resulting powder, however, was extremely 
pyrophoric and had to be kept in an inert at- 
mosphere. Its apparent density was very low 
and it had poor flow characteristics so that it was 
not readily adaptable to powder metallurgical 
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Fig. 3 — Pilot Reactor (Reducer) Be- 
fere Being Covered by Insulation 


uses. It was then found that, if the iron powder 
were heated to several hundred degrees above 
the reduction temperature in protective gas at 
atmospheric pressure, the iron powder was no 
longer pyrophoric. Methods were then devel- 
oped for densifying and otherwise treating the 
iron powder as required for various applications. 
As a result, several grades of iron powder have 
been successfully tested by customers. 

Analysis of nonmolding iron powder produced 
from high-grade concentrate and suitable for 
such applications as flame cutting and welding 
rod flux is as follows: Iron 98.0%, hydrogen 
loss 0.80%, SiO, 0.85%, P 0.008%, S 0.005%, C nil. 
It has been produced in a coarse and fine size as 
shown by the following screen analyses: 


COARSE FINE 
Apparent density 2.7 2.8 
Flow _ 25 sec. 


Sieve analysis 


Figure 4 shows photomicrographs of these 
nonmolding powders. 

Iron powder for molding into compacts is 
produced from super high-grade concentrate, 
and is of quite high purity. Its analysis is iron 
98.5%, hydrogen loss 0.5%, silica 0.2%, carbon 
nil, and only traces of phosphorus and sulphur. 
Physical properties of a low-density molding 
powder suitable for friction materials and of a 
powder of standard density suitable for molding 
machine parts are as follows: 


Fig. 4— Micrographs of Coarse Nonmolding 
Iron Powder (Left) and Fine (Right) at 60 
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Table Il — Molding and Sintering Properties 


GREEN SinTERED Compact 
Density | Density | SrreNcTH | STRENGTH | ELonc. | HARDNESS 
| | CHANGE 
100 Fe, 0.75 Zn St. 259 | 6.36 | 2230psi. | 26,970 psi.| 10% — | -0.30% 
99 Fe, 1C, 0.75ZnSt. 2.58 | 631 1950 48,130 3 B-41to49 |} 0.0 
92.5 Fe, 7.5 Cu, | 
0.75 Zn St. 2.61 | 6.45 2230 52,690 3 B-43 to 52 +0.10 
92 Fe, 7 Cu, 1 C, 
0.75 Zn St. 1970 | 74,380 | 1.5 | B-74to82|  +0.20 


Low STANDARD 
DENSITY DENSITY 
acon density 1.6 2.3 
ow 35 sec. 30 sec 
Sieve analysis 
+80 0.0 0.0 
— 80 +100 5 1 
—100 +200 35 30 
—200 +325 30 35 
— 325 30 35 


The photomicrographs in Fig. 5 show that the 
particles are irregular in shape and are very clean 
and free from unreduced oxide inclusions. ( Par- 
ticles are mounted in bakelite. Density refers to 
particles themselves rather than the mass. ) 

Table II shows the properties of green and 
sintered compacts produced from the molding 
iron powder of standard density. The mixes are 
commonly used in the powder metallurgy field 
for iron parts. Some are iron alone with addi- 
tion of zinc stearate lubricant; others are iron 
with 1% carbon, iron with 744% copper, and 
iron with 7% copper and 1% carbon. All com- 
pacts were molded at 30 tons per sq. in. pressure 
and sintered for 45 min. at 2050° F. in dry hy- 
drogen. Note the excellent green strength and 


sintered strength of these specimens as well as 
their good elongation. The dimensional change 
in diameter is also very small, regardless of the 
mixture used. Copper-infiltrated iron compacts 
made from this powder undergo practically no 


dimensional change during infiltration. Such a 
powder should be welcomed by designers of dies 
for powder metal parts, since very little allow- 
ance for shrinkage or growth need be made. 

As a result of the successful development of 
these iron powders based on the H-iron process, 
the Alan Wood Steel Co. is designing a plant 
to produce 50 tons of iron powder per day. This 
plant will use hydrogen manufactured by the 
partial oxidation of coke oven gas, which is avail- 
able at the company’s steel plant at Consho- 
hocken. The oxygen required in this gas manu- 
facture is also available from a nearby source 
which currently supplies oxygen to the company 
for its steelmaking operations. 

Because of the availability of inexpensive raw 
material, as well as gas for atmosphere and fuel, 
a cost survey indicates that iron powder can be 
produced very efficiently at low cost. As opera- 
tions get under way, part of the H-iron will be 
used in the form of pressed briquettes in open- 
hearth furnaces to study the feasibility of using 
it as a substitute for scrap. Some may be sold as 
high-purity iron briquettes, to be used as melt- 
ing stock for special alloys. The rest will be 
marketed as iron powder in the powder metal 
industry. 


Fig. 5— Micrographs of Low-Density 
(Left) and Standard Density (Right) Pow- 
ders for Molding Into Compacts. 60 
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Starting point for high-precision, 
high-production, heavy-duty planers 
...an economical ductile iron casting 


Here’s a 22-ton crossrail casting for 
a heavy-duty planer that illustrates 
the high engineering properties of 
ductile iron. 

Ordinary grey irons don’t have the 
rigidity a part like this demands. 
Yet steels...castings or weldments... 
overstep acceptable cost levels. Duc- 
tile iron has properties that fill the 
gap between grey irons and steels. 

The ductile iron in this crossrail, 
for example, has a modulus of elas- 
ticity of 24 million psi. coupled with 
elongation in the3-10% range. That’s 
plenty of rigidity to insure precision 
milling capabilities in the finished 
planer. And yet there’s ductility 
enough to provide high impact 
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strength, too. Tensile strength in the 
80 to 100 thousand range gives the 
finished rail muscle enough to handle 
heavy cuts, high milling speeds. 


What about cost? 


In one sense . . . the cost of basic 
materials . . . the cost of this ductile 
iron is higher than the cost of or- 
dinary grey iron. But practically the 
difference is negligible. You can see 
why. 

For one thing, castability is ex- 
cellent. Thin sections adjoining thick 
are not a casting problem. You don’t 
have to add extra metal to assure 
casting safety. You are free, too, to 
cast against a chill to get an abrasion 


resisting surface. You can harden by 
flame or induction. Machinability is 
excellent. 


Other basic types of ductile irons 


There are four other basic types of 
ductile irons in addition to 80-60-03 
and there is also a basic heat re- 
sistant ductile iron composition. 
Each is a specific for particular 
types of castings. Make sure you 
know the capabilities of these ductile 
irons. Write for Inco’s 28-page book- 
let, “Engineering Properties and Ap- 
plications of Ductile Iron.” 


THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street dike, New York 5, N. Y. 
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“p3° ductile iron...the cast iron that can be twisted and bent. 
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Hardenability Bands for Steels 6120-H to 8630-H 


A.LS.I. List of March 1957 


61xx-H Series may contain 0.60-1.00 Mn, 0.20-0.35 Si; C, Cr and V as shown 


| | | 6/20-H | | 


| 6/50-H:0.47-0,54C 


0.17-0.23C ,0.60-1.00Cr, 


0.75-1.20Cr 
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The boron or B-steels can be ex- 
pected to have 0.0005 min. B 
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8617-H to 8630-H may contain 0.20-0.35 Si, 0.60-0.95 Mn, 0.35-0.75 Ni, 0.35-0.65 Cr, and 0.15-0.25 Mo 
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Distance From Quenched End of Specimen, Sixteenths 


N means normalizing temperature for forged or Hardness limits are specified in Rockwell C-scale 
rolled material; A means austenitizing temperature units (no fractions) and can be scaled from the plotted 
(both as recommended by S.A.E.). 


points where not labeled at even sixteenths. 
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: ‘ 81 B 45-H may contain 0.75-1.05 Mn, 0.20-0.35 Si, 0.15-0.45 Ni, 0.30-0.60 Cr, 0.08-0.15 Mo 

8/B45-H' | 

ME} | 0.42 -0.49C 

86/7-H | | | 8620-H 

| W/700 | | Ne | | | 
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4 8622-4 111 _'9625-H' | | 
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= | 024-0.30c | | | 0.27-0.33c] | | | | 
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Close-up view of “‘ome-use’’ rock drill 
bit and the B-47 die ring which press 
forges it. 


INCREASED ROCK DRILL BIT PRODUCTION 


BLUE SHEET on B-47 


This concise four-pa re folder 
gives all needed handling and 
shop treatment details on 
B-47. Included is certified lab- 
oratory information on phys- 
ical characteristics, and 
complete data on forging, 
annealing, hardening, tem- 
pering, etc. Ask for your copy. 


ADDRESS DEPT. MP-3 
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A midwestern company increased their pro- 
duction of rock drill bits from 1500-3000 
per die ring to a consistent total of more 
than 10,000 bits by switching to Allegheny 
Ludlum's B-47 die steel. 

But of even greater importance, they 
claim, is the dependability of B-47: 

‘The less breakdowns we have, the less 
die changes we must make and the better 
production we get. Also, we are able to 
plan our production on the basis of being 
sure of the reliability of our dies.’ 

Continued high production is mecessary 
to make these special *‘one-use’’ bits com- 


petitive in today’s market. B-47 practically 
eliminates unscheduled downtime caused 
by die failure. 

A-L’s B-47 is a tough hot work steel. It 
has excellent resistance to shock and abra- 
sion at clevated temperatures. Also, it is 
especially good for those applications 
which require ruggedness at relatively 
high hardnesses. 

Check your A-L representative today 
about Allegheny Ludlum's complete line of 
tool and die steels—a gtade for every job. 
Allegheny Ludlum Steel Corporation, Oliver 
Building, Pittsburgh, Pa. 


For nearest representative, consult Yellow Section of your telephone book. 


For complete MODERN Tooling, call 


Allegheny Ludlum 


FINE Too. 
Since 1854 
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Bausch & Lomb Salutes 
GENERAL 
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Award Winners 


1956 A. S.M. Metallographic Exhibit 


7 BEST-IN-CLASS AWARDS 


. Nickel and 47 % 
Zirconium Alloy 


Type 405 Stainless Steel 
Brazed with Ni-Cr-Si Alloy 
. Size and Distribution of 


tallic Incl 
Inc 


in Low-Alloy Steels 


. Carbide Skeleton Formation 
ina WC Plus 10% Co 
Cemented Carbide, as 
Sintered 


E. Commercial Heat of A-286; 


Overaged Structure and 
Bierbaum Scratch Hardness 
Taken in Field of Optical 
Micro 


. Electron Micrographs of 


Irradiated Uranium 


. Scale Formed by Corrosion 


of Chromium in Air at 
Elevated Temperature 


12 HONORABLE MENTION AWARDS 


H. Chromium-Carbon Alloy, 


Cra3C, 


. Type 405 Stainless Steel 


J. 


Brazed with AMS 4775 
(Ni-Cr-Si-B-C) Alloy 

pl 
Inclusion in ML-1700 Alloy 
(Cobalt Base) 


telli 


. Zircaloy-2—Boron, as 


Polished 


Gadalini 


Oxide 


. Partial Primary 


Recrystallization in 3/4 % 
Silicon tron 


N. Triangular Pattern on 


Bottom of Single Crystal of 
Silicon Probably Caused by 
Dislocations 


. Pearlite and Ferrite in 


0.25% Carbon Steel 
Castings; Contact Prints 


. Wrought Iron Nail of 300 


Years Ago 


. Nickel-Molybdenum- 


Aluminum Alloy 


. 2%, Cr, 1 Mo Weld Metal 


on Carbon Steel Base 
Metal, Aged 1150 Hr. at 
1200° F. 


Jean Tomlinson 
Research Laboratory 
Schenectady, 
AWARDS A, H 


Andrew 5S. Holik 
Research Laboratory 
Schenectady, N. Y. 
AWARD D 


T. K. Bierlein 
Hanford Atomic 
Products Operation 
Richland, Wash. 
AWARD F 


Mary C. Houle 

Knolls Atomic Power Lob., 
Schenectady, N.Y 
AWARD L 


Stewart S. Smyth 
Large Steam Turbine- 
Generator Department 
Schenectady, N. Y. 
AWARDS 8B, 


Robert E. Smith 
Lerge Steam Turbine- 
Generator Department 
Schenectady, N. Y. 
AWARD E 


B. Mastel 
Hanford Atomic 
Products Operation 
Richland, Wash. 
AWARD F 


Edward F. Koch 
Research Laboratory 
Schenectady, 
AWARD M 


Norman J. Gendron 
Large Steam Turbine- 
Generator Department 
Schenectady, N. Y. 
AWARDS C, J 


Raymond T. Knaggs 
Large Steam Turbine- 
Generator Department 
Schenectady, 
AWARD E 


Mary C. Peek 

Knolls Atomic Power Lab., 
Schenectady, N. Y. 
AWARD K 


D. B. Blackwood 
Metallurgical Lab. 
Syracuse, N.Y. 
AWARD N 


S$. Motion of Dislocati 
During Bending of Lithium 
Fivoride Crystal 


16 OF THE 19 G-E AWARD- 
WINNING ENTRIES 

WERE MADE WITH 

B&L METALLOGRAPHIC 
EQUIPMENT 


WRITE for full data on faster, easier analyses 
with the most complete metallographic line 
serving industry. Write Bausch & Lomb Optical 
Co., 63827 St. Paul Street, Rochester 2, N. Y. 


James T. O'Malley 
Large Steam Turbine- 
Generator Department 
Schenectady, 
AWARD O 


Francis E. Bates 
Medium Steam Turbine, 
Generator and Gear Dept. 
West Lynn, Mass. 
AWARD P 


Alex Wituszynski 
Research Laboratory 
Schenectady, N. Y. 

AWARD Q 


Frederick C. Johnson 
Lerge Steam Turbine- 
Generator Department 
Schenectady, N. Y. 
AWARD R 


America’s only complete optical source ... from glass to finished product. 
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A High-Strength Cast Steel 


A low-alloy, Mn-Cr-Mo cast steel with boron 


By C. G. MICKELSON 
and R. D. ENGQUIST* 


and rare earth additives which can be heat treated to tensile strengths 
above 220,000 psi. possesses excellent ductility and impact properties plus 
great wear resistance in dipper teeth, chute liners, and tractor shoes. 


Reovumements for lightweight rugged 
equipment have resulted in a search by design 
engineers for new cast materials. At the present 
time, there is a definite demand for steels with 
tensile strengths higher than 200,000 psi. which 
have good ductility and impact resistance. Even 
higher strength materials will be desired in the 
future. Not only is the development of such 
materials a burden on the metallurgist, but the 
development of processing techniques and in- 
spection procedures permitting commercial man- 
ufacture is also a problem. 

Points for dipper teeth with strength, tough- 
ness and wear resistance to dig the taconites of 
Northern Minnesota are an instance. Their 
properties had to be remarkable; high yield 
strength is necessary to prevent deformation 
under load, high hardness is needed to combat 
the abrasion of the flint-hard ore, and high im- 
pact resistance at low temperatures is required to 
operate in the —50° F. winters of the Mesabi 
Range. This is quite a lot to ask of any cast steel 
product. 

Drawing on information accumulated from the 
development and production of cast armor, the 
manufacturing research laboratory of American 
Steel Foundries produced a low-alloy cast steel 
which could meet these requirements. 

Many tons of this steel have since been melted 
and cast into dipper teeth, crusher and chute 
liners, tractor shoes, and other parts in which 


* Assistant Manager and Senior Research Metal- 
lurgist, respectively, American Steel Foundries, East 
Chicago, Ind. 
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strength, toughness and wear resistance were 


wanted. 
service 


With the cooperation of many users, 
records were obtained; the material 
turned out to be quite a success. 

What sort of a steel is this, anyway? Well, as 
mentioned previously, it is a low-alloy steel — 
trade-named “Wearpact” — with a nominal com- 
position of 0.23 to 0.33% C, 1.30 to 1.80% Mn, 
0.30 to 0.60% Si, 0.40 to 1.00% Cr, and 0.40 to 
0.60% Mo. A small amount of boron is added 
to increase the hardenability. Additions of rare 
earth metals result in the formation of globular 
inclusions. Ductility and resistance to impact 
are also helped by these additions. Aluminum 
deoxidation insures a fine grain size; this also 
adds resistance to impact. Castings of this alloy 
are heat treated to a tempered martensite. 


Composition and Properties 


This analysis and structure result in an un- 
usual combination of properties. Tempering of 
the quenched material to Brinell 500 hardness 
gives a tensile strength of 240,000 psi. with 10% 
elongation and 22% reduction of area. The im- 
pact values at this strength level are very good 
(20 ft-lb. at both +80 and -40° F.). At 
Brinell 400 (after tempering at 700° F.), the 
temper brittleness appears and the impact values 
drop to 10 ft-lb. at- 40° F. The transition range 
of the hardened materials is between —175 and 
—200° F., so low as to virtually preclude the 
possibility of brittle failure. 

Polished fatigue specimens of this steel have 
an endurance limit of 73,000 psi.; when notched 
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fatigue specimens are substituted, the figure falls 
to 53,000. Considering that the Brinell hardness 
of these specimens was 500, it is apparent that 
the steel is‘ relatively insensitive to notches. It 
is also magnetic and hardens well in sections up 
to 4 in. thick. 

Pouring characteristics are essentially the 
same as any low-carbon constructional steel. 
Metal fluidity is typical of 0.30% carbon inter- 
mediate manganese steels in the normal range 
of pouring temperatures. The new steel is less 
susceptible to hot tearing than plain carbon or 
carbon-manganese steels of equivalent carbon 
and sulphur content. This is fortunate since in- 
cipient hot tears can be very damaging when 
such a highly hardenable alloy is heat treated. 
Gradual section changes and broad fillets are 
necessary to lessen hot tearing difficulties; the 
problem can be virtually eliminated by the use 
of good foundry, core and pouring practices. 


Fabrication 


Controlled welding practices and suitable 
welding electrodes are needed for repair welding 
and field fabrication of complex structures. 
Minor welding jobs are permissible after harden- 
ing and tempering if they are not in areas of 
high stress or wear. Such welding (on pieces 
preheated to 150 to 300° F.) should be done with 
stainless steel electrodes or low-alloy electrodes 
(A.W.S.-A.S.T.M. Class E-7016 through E-12015). 

The castings can be readily machined in the 
normalized and tempered condition. However, 
low cutting speeds are necessary to obtain good 
die life at a hardness of Brinell 500. 


Applications 


The taconite ore of the northern Minnesota 
mines is so hard and abrasive that many normal 
mining practices are prohibited. For example, 
blast holes must be drilled with the oxygen- 
kerosene jet piercer because conventional drills 
wear at an impossible rate. In competitive tests, 
the new steel hardened to over Brinell 496, out- 
lasted all others at a rate of 2 to 1 — often 3 to 1. 
Some of these dipper tooth tests were during the 
coldest winter months when the temperature 
dropped as low as —40° F. 

Dipper tooth points used in the initial testing 
program were all of conventional design. After 
evaluation, it was concluded that the points 
could be redesigned. The new design was tested 
and proved satisfactory; however, further modifi- 
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Original Design of Dipper Tooth With Two Subse- 
quent Modifications. The center design resulted in 
a longer life; the design on the right illustrates the 
self-sharpening feature of the third modification 


cations were made to obtain even better service 
life. The new design retains a sharp cutting 
edge throughout the useful life of the casting. 
The original design and the two modifications 
are shown in the drawing. 

Abrasion resistant parts such as crusher and 
chute liners have also been tested. The high 
strength prevents plastic deformation and main- 
tenance problems are lessened; the high hard- 
ness also makes the castings very wear resistant. 

Grouser and tractor shoes cast from this new 
steel have greater load-carrying ability — in fact, 
in most instances, lighter castings can be used. 
No bending has occurred, although grouser bars 
have worn completely away. A large track shoe 
was reduced from 280 to 190 Ib. in weight be- 
cause the high yield strength of this alloy steel 
permitted thinner tread and rib sections. 

Molding methods adapted from precision cast- 
ing processes would enable this high-strength 
steel to be used in aircraft, automotive and indus- 
trial applications. Experience in the iron ore 
ranges has proven its utility for extremely high- 
strength structural components. The newer 
molding techniques will produce the desired 
notch-free surface necessary for critical struc- 
tures subjected to high stresses. Se 
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Are Metallurgists 


Prepared for 19XX? 


While the foreseeable problems concerning metallic materials 
appear formidable in the extreme, the metallurgist 


By R. F. THOMSON* 


has never before had so many good tools to attack them, 
and there appears no reason to anticipate 


Park Woopsipe, in the fall of 
1913, invited a score of friends — mostly harden- 
ing room foremen —to meet at the Fellowcraft 
Club in Detroit to discuss mutual problems. 
From this group sprang in succession the “Steel 
Treaters Club”, later the “Steel Treaters Research 
Club”, “Steel Treating Research Society”, the 
latter being one of two groups consolidating in 
1920 into the American Society for Steel Treating 
whose name was changed in 1933 to American 
Society for Metals. Woodside can therefore be 
called the founder member of A.S.M. 

In trying to select a subject for presentation 
in his honor, I recalled his recent obituary in 
the @ Detroit Chapter News which said: “His 
equipment was his forge, his anvil, an assort- 
ment of home-made tools, his strong arms and 
his eyes. No instrument had been invented to 
tell him the temperature of the steels he forged 
and hardened. His only association with horse- 
power was in applying shoes to the real article. 
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anything but success. (A-general) 


He recalled that his main blacksmithing interest 
was in tools.” 

Mr. Woodside’s interest in tools was not acci- 
dental. It leads me to the topic for this discus- 
sion: “Are Metallurgists Prepared for 19XX?” 
To lead into this, I can do no better than to recall 
that man’s progress has always been dependent 
on his available tools, and that the question | am 
about to examine may be answered with a fair 
degree of assurance if we know that the tools we 
now have are sufficiently potent to attack our 
present day problems. 

At the risk of oversimplification, because of 

*The 15th annual William Park Woodside 
Lecture before the Detroit Chapter @. Dr. Thom- 


son is head of the metallurgical engineering depart- 
ment, research staff, General Motors Corp., Detroit. 
He desires to acknowledge assistance of various 
members of his organization, especially George H. 
Robinson, for spade work and critical review, and 
of the various authors not given specific credit in 
the references. 
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brevity, it may be stated that our physical tools 
in this year of 1958 are mostly made of metal. 
Compared with a century ago, we have a great 
number of commercial metals available. In 
1850, for example, the principal metals were 
antimony, bismuth, copper, gold, iron, lead, mer- 
cury, nickel, platinum, silver, tin and zinc, and 
the estimated world production was on the order 
of 10,000,000 tons of iron and 250,000 tons of all 
the rest put together. 

Since 1850 there have been many additions to 
this list, such as aluminum, magnesium, chro- 
mium, titanium, zirconium, molybdenum and 
tungsten. The stability of the oxides of each of 
these “new” metals is much greater than the 
oxides of the “old” metals; the new ones could 
not be produced in commercial quantities until 
the metallurgist had tools whereby to concen- 
trate the necessary energy to reduce the ores 
and melt the metals. That is to say, he required 
electrical energy and better refractories — new 
tools. In turn, the mining of large quantities of 
ores and fuels and their transportation required 
engines — new tools — and these in turn required 
cheap and good metals for their construction. 

In view of this relationship between progress 
and tools, we can examine the tools we now have 
in mid-20th century, and see how well we are 
equipped to move forward in the next 50 years. 


The Tools of Progress 


The tools now at our disposal for a frontal 
attack on the problems which face the metals 
engineer are being developed at a constantly in- 
creasing rate. The list is long and impressive. 
Certainly they include the following: (a) man- 
power and financial support, (b) understanding, 
(c) available materials, (d) tools for producing 
new materials, and (e) tools of measurement. 
Let us consider each, very briefly. 

Man Power and Financial Support — In sheer 
bulk of man power devoted to scientific and engi- 
neering work alone, there is a tremendous 
growth. This is shown by the following estimate 
of the number of scientists and engineers in the 
United States: 

SCIENTISTS 
AND ENGINEERS 
261,000 
378,000 
740,000 
950,000 


EXPENDITURES 
$ 166,000,000 

800,000,000 
2,500,000,000 
6,000,000,000 


YEAR 
1930 
1940 
1950 
1956 


Not only is there a significant growth curve in 
bulk of man power, but their training is becom- 
ing more intensive and extended, and _ their 
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access to existing knowledge is larger and easier 
than at any time in our history. I am not one 
who is inclined to discount this resource, this 
“tool”, in relation to what is being done in any 
foreign state, slave or free. 

We also find an increasing supply of dollars 
being spent to explore and develop new fron- 
tiers. Much of this money goes into facilities 
available for future use, so we indeed find a com- 
pounding of funds and capital available for new 
developments. 

In our present man power and financial sup- 
port, we therefore have a powerful tool to attack 
tomorrow’s problems, 

Understanding — As more and better prepared 
man power and more funds have become avail- 
able, our understanding of physical phenomena 
is increasing at an accelerating rate. 

Historically, it has been generally true that 
understanding has followed invention. For ex- 
ample, the internal combustion engine was a 
reality nearly 150 years ago. The mechanism of 
flame propagation is just beginning to be under- 
stood. Again, for example, we do not yet fully 
understand how to improve corrosion resistance 
on theoretical grounds, yet many corrosion resist- 
ing alloys have been and are being developed by 
cut-and-try methods. 

Probably the most spectacular development 
where understanding preceded invention —a 
rather rare situation — is the nuclear fission reac- 
tion. Laboratory studies in the middle 1930's 
indicated the possibilities —indeed the conver- 
sion of matter into energy had been predicted by 
Einstein in 1905. Then in the early 1940's the 
University of Chicago pile was built — designed 
from the theoretical understanding and predic- 
tion.* One cannot resist the temptation to pre- 
dict the next century will see an increasing num- 
ber of developments which grow out of an 
understanding of physical phenomena. This 
may well be the most outstanding development 
in this period. 

More and more we are coming to understand 
the nature of the atom, the forces holding atoms 
together, the nature of particles, binding energy 
of the nucleus of the atom, and behavior of the 
surrounding electrons. These are the essentials 
of such matters as the laws concerning solid solu- 
tions, already formulated in part by Hume- 
Rothery, and the general rules governing metals 
apt to “weld” or “score” when put in sliding con- 
tact with steel for bearing materials. Roach and 


*See “The Nuclear Chain Reaction”, Metal Prog- 
ress, December 1957, p. 65. 
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Goodzeit of General Motors Research Staff be- 
lieve at least one correlating parameter is that 
metals which have appreciable mutual solid solu- 
bility tend to seize or score. 


As we continue to spend more and more man 
hours on understanding, I think we are faced 
with a real challenge in research administration 
to decide which is the better course to pursue 
to maximize the efforts of scientific personnel. 
What proportion should be spent on “funda- 
mental” research; what proportion on “applied”? 
Those in administration must be sure we are 
utilizing the right tools of research for each par- 
ticular problem. The United States cannot af- 
ford to waste its scientfic and engineering man 
power. 

Available materials comprise one of the most 
important of all the tools now at our disposal. 
They are available to us in two different senses 
—one involves how much of a material is avail- 
able to us, and the other what it can do. 

Insofar as quantity is concerned, the people 
who predict shortages overlook two important 
factors. One is technological progress which en- 
ables us to use ore today which we couldn't (or, 
more important, didn’t have to) use yesterday, 
The other factor is that what was not economical 
yesterday becomes so today —for example, the 
taconites which we will use in increasing quan- 
tities as the richer Mesabi ores are exhausted. 

An important consideration in this respect is 
the amount of energy required to produce a unit 
quantity of metal. In general, we can expect 
this to increase. For example, C. A. Scarlott, in 
“Utilization of Solar Energy”, reports that “to 
produce a ton concentrate from taconite rock 
for the blast furnace requires at least 50 times 
more energy than easily mined, directly usable 
Mesabi ore.” E. C. Smith, director of research 
for Republic Steel Corp., adds: “This may be 
more than recovered in lower energy consump- 
tion when processing the rich concentrate in the 
blast furnace”. It requires the following total 
power to produce one ton of steel ingots: 


ActuaL Fuet REQUIREMENTS 


Taconite ore at mine 0.5 x 10% Btu. 


Pig iron from blast furnace 20.3 
Steel ingots from openhearth 3.5 
TOTAL 24.3 x 10° Btu. 


This leads us to the all-important subject of 
fuels. 

Estimates of fuel reserves are generally pessi- 
mistic. Historically, however, new energy 
sources have become available before they were 
needed. For example, about the time we started 
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to worry about the dwindling forests in the 
United States, we began to use fossil fuels, and 
about the time we began to worry about dimin- 
ishing fossil fuels, we began to tap nuclear en- 
ergy, and the extent of this source of energy — 
to say nothing of solar energy —is probably de- 
pendent on man’s ingenuity alone. 

Consumption of energy in the United States 
in 1953 has been estimated by C. A. Scarlott as 
follows: 


CONSUMPTION RESERVES 


Coal 0.012Q 7to25Q 
Petroleum 0.017 1.4 to 3.4 
Natural gas 0.010 0.2 to 0.3 
Hydroelectric power 0.0004 

Tora. 0.0394Q 8to30Q 


where Q equals a billion billion (10'*) Btu. 

How long can we continue to use energy at 
this rate? Some estimates of total present fuel 
reserves are also given above, and in addition 
there is about 150 Q of heat available from the 
estimated uranium ores; and a limitless amount 
from heavy hydrogen, once the fusion reaction 
is commercialized. We also receive about 30 Q 
per year as solar energy falling on the surface of 
the United States. 

While it looks as though these resources are 
adequate, we cannot say that either nuclear or 
solar energy is now competitive with fossil fuels 
except in special circumstances. Cost of energy 
from natural uranium will undoubtedly decrease, 
while cost of energy from fossil fuels will in- 
crease. The efficiency of converting solar energy 
into useful energy is generally low. According 
to Scarlott, a “perfect” solar engine (operating 
between 25 and 65° F.) has a practical effi- 
ciency of 16% or less; the announced efficiency of 
the silicon solar battery is 8%; photosynthesis 
under the best laboratory conditions vields only 
25%, while the conversion for even the best 
plants, such as sugar beets, is about 2%. If we 
depend only on solar energy, we would have to 
capture 1/750th of all the energy falling on the 
United States and convert it to useful energy at 
100% efficiency to meet present requirements. 
This appears rather improbable. 

One can expect, therefore, that as time goes 
on new fuel sources will be developed. Most or 
all of our other real and fancied shortages will 
depend upon how well we can tap new sources 
of energy. 

If you ask yourself what have we ever really 
run out of in past history, I'm sure you'll find the 
list quite small. The only instance in history I 
can find has been loss of a climate in which man 
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‘an work —for example, the encroachment of 
glaciers during the ice age and of desert areas in 
Sahara, Mesopotamia and our great West. With 
enough energy, I’m not sure we can’t even sur- 
mount future obstacles such as these if we have 
time to prepare for them. 

If we turn our attention to the problem of what 
materials can do for us, we find we are bound by 
certain physical laws which we probably cannot 
change. On the other hand, we certainly have 
not yet achieved the practical limits in many 
directions. For example, take the tensile 
strength of iron and its principal alloy we call 
steel. Wrought iron, the earliest structural ma- 
terial, has tensile strength of about 45,000 psi. 
The low-carbon bessemer structural steels which 
have supplanted this ancient material for the last 
century are considerably stronger (65,000 psi.), 
but this seems rather modest in comparison 
with the 200,000 of heat treated alloy steels fre- 
quently used in common automotive applica- 
tions, the 275,000 in alloy steel forgings for 
aircraft landing gear, and the 400,000 psi. possi- 
ble in conventional engineering alloy steels. 
“Whiskers” of pure iron — single crystals almost 
free of imperfections — test upwards of 2,000,000 
psi. One therefore cannot help wondering if 
many new and stronger materials will be pro- 
duced by new methods of processing. 


We are also much interested in improved high- 
temperature properties for application in new 
power plants, rockets, and nuclear reactors. We 


already have the range of alloys shown in Fig. 
1. Much current research is on alloys of the 
refractory metals, columbium, molybdenum, 
tungsten, tantalum and chromium, and _ the 
ceramic materials and compounds shown in Fig. 
2. Little advantage has yet been taken of these 
materials of high melting point, or mixtures of 
them which may be even more heat resistant. 
New methods of processing, especially at high 
temperature and very high pressure, may be 
necessary. 

These last-mentioned tools have enormous 
potentialities. For example, we have some new 
wear resistant materials with rather interesting 
aspects, such as boron nitride — a material simi- 
lar to graphite in one crystalline form and to 
diamond in another. In the hexagonal form, its 
lubricating properties are exceptionally good and 
it has been termed “white graphite”. High tem- 
perature and pressure (3000° F. and 1,000,000 
psi.) convert this into a material as hard or 
harder than diamond. (See “The Borazon 
Story”, by L. Sandek, Research and Engineering 
Management, March 1957.) 

An even more intriguing story is one concern- 
ing metallic cesium. When the pressure is high 
enough, the electrons shift out of their normal 
orbits to new ones with considerable increase in 
density. S. S. Kistler, in the book, “High Tem- 
perature — a Tool for the Future”, writes: “A 
polymorphic transition from body-centered cubic 
to face-centered at 325,000 psi. pressure had been 


Titanium 
Alloys 


1000-Hr. Rupture Stress, 1000 Psi. 


Fig. 1 — Stress-to-Rupture 
in 1000 Hr. Versus Temper- 


1000 
Temperature, F. 


ature of Test for Various 
Metallic Alloys. (Courtesy 
Climax Molybdenum Co.) 
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predicted on theoretical grounds. Since the 
face-centered structure is the densest packing, 
there should be no denser phase possible, but at 
about 610,000 psi. another transition does occur 
involving a 16% decrease in volume — due to the 
electron shift mentioned above. The same kind 
of shift occurs in the rare earths — for example, 
cerium shows a 16% decrease in volume, accom- 
panied by electron shift, at about 170,000 psi. 


processing tools which offer new horizons of 
development — first, fuels and second, mechani- 
cal tools. 

In the field of fuels, we can produce higher 
temperatures and more concentrated energy than 
ever before. The oxy-acetylene flame has long 
been cited as the maximum intensity obtainable 
commercially (about 5700° F.), but A. V. Grosse 
recently reported considerable increases now 


pressure.” available: oxy-aluminum, 6400° F.;  oxy-zir- 
it is not too much to expect that the unfavor- —_ conium, 6700° hydrogen-fluorine, 7500° F.; 


able structure of ceramics may be changed for 
the better, to correct that perplexing problem of 
brittleness which so far has limited their useful- 
ness. While it has been known for years that 
under certain conditions single crystals of silver 
chloride and sodium chloride can be bent, it has 
only recently been announced (in Aviation Age, 
June 3, 1957) that ductile magnesium oxide crys- 
tals about 0.5 in. long have been bent 15°. 
I believe we will find ways to 
obtain the necessary new materials if the energy 
is available to wrest them from nature. New 
materials appear on the horizon, made by some 
newer techniques which open whole new vistas 
of opportunity. The picture is encouraging. 
Tools for Producing New Materials — To pro- 
duce new materials we will need some new tools. 
We might well note that we now have some 


In summary, 


Fig. 2— Melting Points of Metals and Ceramics 


cyanogen-oxygen at | atm., 7900° F., and carbon 
subnitride, 9450° F. The nuclear fission and 
fusion reactions produce temperatures measured 
in millions of degrees. 

The reason for interest in high temperatures is 
very clear. It enables us to do things which may 
be difficult to do otherwise. For instance, the 
stabilities of metallic oxides generally decrease 
as the temperatures go up, so that if sufficiently 
high temperatures can be attained, it is theoreti- 

cally possible to reduce the oxide even in the 
absence of reducing agents. Furthermore, the 
Theoreti- 
carbon 


reverse is true for the oxide of carbon. 
cally, alumina 
3500° F. We also have an ever increasing list 
of mechanical tools which enable us to process 
in some new ways. 


is reducible by above 


For example, new furnaces: 
The induction furnace with the use of suitable 
susceptors can reach 6500° F. They op- 
erate with or without pressure and i 
nearly any atmosphere we choose. In 
them we can test materials for rockets 


and jet engines; form carbides, cermets 
7000 HC and ceramics; and cause chemical reac- 
°c tions such as reduce MgO with carbon. 
ow © CbC Under good conditions at the earth’s 
6000 Ke ° HiN— surface, J. Farber believes that a tem- 
Tho perature of 4000° K. (6740° F.) can prob- 
5000 ably be obtained in solar furnaces. Lim- 
- e SiC itations of resistance furnaces are pri- 
= — Ceramics marily the melting point of the resistor. 
< 4000 Thorium oxide (5970° F.) and tantalum 
2 carbide (7000° F.) are possibilities for 

Commercially A novel method of heating by electron 
New Metals bombardment in vacuum utilizes the cir- 
cumstance that X-ray tube anodes are 
2000 Fe-Base heated by bombardment with low elec- 
—— Alloys tron currents moving at high velocities. 

1000 + Alloys A setup for floating zone melting 
shown in Fig. 3 wherein tungsten and 
rhenium have been melted and recrys- 

0 tallized. 
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In summary, we now have at our dis- 
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Fig. 3— Equipment Used by Davis 
and Co-Workers for Floating Zone 
Melting by Electron Bombardment 


posal furnaces which produce continuous tem- 
peratures as shown in Table I. 

In the field of processing equipment, the past 
25 years has seen tremendous development, and 
these powerful extrusion and forging presses of 
50,000-ton capacity can be used to fabricate the 
stiff and strong metals and metal-ceramic combi- 
nations. Molybdenum generally has been fabri- 
cated on steel mill equipment. This means that, 
in effect, these refractory metals have not been 
hot worked —that is to say, they have been 
worked below the recrystallization temperature. 
Recently news comes from Germany that molyb- 
denum has been rolled at 3000° F. and this has 
resulted in metal with a hot worked structure. 

This combination of high temperature and 
pressure will certainly permit the development of 
new alloys. 

Improved tools of measurement are another 
potent means for making future progress in the 
field of metallic materials. Space is sufficient 
only for listing some interesting ones: (a) Im- 
proved analytical tools to determine trace ele- 
ments or small intentional additions—a few 
parts per hundred million; (b) electron probe 
micro-analyzer to explore variations in compo- 
sition within a single crystal; (c) the mass 
spectrograph to control vacuum melting by 
analyzing the gases evolved during the heat; 
(d) the field ion microscope with resolving 
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power of 3 Angstrom units. The best resolution 
of electron microscopes is 5 to 10 A, which is 
about the spacing between crystallographic 
planes of large and complex molecules, whereas 
Fig. 4 shows the atomic configuration in a tung- 
sten crystal. 

In summary, we have more and better tools 
than were ever available before and they are 
going to enable us to see things which we have 
only conjectured about in the past, and they are 
sure to bring to us some new concepts as we 
better understand specific conditions and 
phenomena. 


Present and Future Problems 


Now let us turn our attention to some of the 
problems of 19XX. 

It would indeed be presumptuous to try to pre- 
dict all the problems we will face in the last half 
of this century but we can compile a partial list 
of those we face in 1958 and see how well pre- 


Table I — High-Temperature Furnaces 


MAXIMUM TEMPERATURE 


Type OXIDIZING INERT 


Resistance 3,600° F 
Induction 3,300 
Arc 3,300 
Solar 
Electron bombardment | 
Nuclear 


7,000° F. 
6,500 
14,000 
5,400 — 

. > 6,000 
>10,000 


> 10,000 


pared we are with suitable tools for solving 
them. These problems include (a) high temper- 
ature, (b) unification and correlation of existing 
and new knowledge, (c) space travel, (d) sup- 
ply of materials and energy, (e) improved life 
of components, (f) nuclear containment, (g) 
materials of high purity and controlled structure. 

High-temperature problems will include the 
development of power plants requiring new ma- 
terials which will, first, contain the high tempera- 
tures; second, resist wear, stress and corrosion in 
hot atmospheres; and third, require melting and 
processing at temperatures above 3000° F. 

In the containment of the high temperatures, 
we are approaching the melting points of most 
known materials. The most promising approach 
appears to be containment in a magnetic field 
which keeps the high heat source out of contact 
with the container. Metallurgists are already 
applying this general technique in levitation 
melting, where a small mass of metal may be 
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melted in an inductive field while it is supported 
only by the interaction of two opposing magnetic 
fields. The high-temperature source itself may 
be similarly contained. 

Materials with improved wear, strength and 
corrosion properties are already foreshadowed 
by new types of materials, such as hard boron 
nitride and dense cerium produced at very high 
temperatures and pressures. The application of 
such techniques to ceramic materials has hardly 
begun. 

Finally, the fact that these new materials may 
require processing above 3000° F. does not ap- 
pear unduly troublesome because furnaces utiliz- 
ing newer fuels and energy sources are already 
available, such as susceptor induction furnaces. 
While these new materials may be very strong 
and difficult to process, the fabrication problems 
may be met by the tremendous 50,000-ton presses 
already referred to. 


Fig. 4—Field Ion Microscopic Pattern 
From Tungsten Crystal, Showing the Atomic 


Configuration. 
times. (E. E. 


Magnification about 10° 
Miiller in Scientific American) 


Unification and correlation of existing and 
new knowledge is one of the real problems facing 
anyone in the technical and scientific field today. 
How can he keep abreast of the voluminous liter- 
ature and data now available? It is physically 
impossible for any one individual to read the 
pertinent literature if his interests are at all broad. 

Some idea of the mass of available metallurgi- 
cal literature can be obtained from the 1955 @ 
Review of Metal Literature where some 7500 
indexable articles were catalogued from 360 
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English and 157 foreign periodicals. 
assumes an arbitrary figure of ten issues per year 
for each of the periodicals, this means that there 
are 5350 individual periodicals per year available 


for digestion. One might guess there are at least 
five original articles per issue which means a 
minimum of 15,000 articles per year in metallur- 
gical periodicals alone! 

Even if reading were practicable, remember- 
ing what and where the data are is impossible. 
Fortunately, “memory” machines are now fairly 
well developed where information is encoded on 
magnetic tape, punched cards, or photographic 
film and can later be retrieved on demand. The 
American Society for Metals is now halfway 
through a five-year program of this sort and 
there is every reason to expect a successful out- 
come, there already being in operation a proto- 
type machine which is able to retrieve correlated 
information as well as direct answers to a main 
inquiry. It is probable that one could ask such 
a machine for a literature search on a specific 
subject and obtain the available information in 
a matter of minutes. An additional feature 
would be the ability to sort information as it is 
currently fed into the machine — keeping current 
in a given field is frequently more important than 
finding out what was done ten years before. 
These “brain” machines will possibly supply the 
information in any language we desire, even 
though they may have absorbed it initially in 
several different languages. 

These electronic 
most perplexing problem. 


brains may solve another 
One of the difficulties 
facing those of us in the development of new 
materials is that we have no way of correlating 
phase information on systems with four or more 
components. For ex xample, a binary composition 
diagram enables us to select compositions which 
may be hardenable, and to decide what the limit- 
ing compositions are which will harden. A 
ternary system can be represented in a trigonal 
pyramid. But when one gets to four or more 
components, we cannot make a phase model do 
a similar job for us because space is ordinarily 
three dimensional. Electronic machinery, how- 
ever, can handle four, twelve or twenty dimen- 
sions as well as three, so we may expect some 
day that equilibrium diagrams of multicompo- 
nent systems will be stored on tape and we can 
ask questions about the metallurgical character- 
istics of specific alloys. 

Space Travel —This intriguing possibility is on 
everybody's mind, now that Sputnik I and II 
and the “Explorer” have sucessfully remained 
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aloft. The prospect of travel in inner and outer 
space presents a whole host of new problems, 
such as (a) aerodynamic heating of structures to 
temperatures where aluminum will melt, and 
(b) guidance systems which will send a non- 
manned vehicle 5000 miles away from its base 
and deliver it exactly on target. 

The aerodynamic problem will always present 
an ever-moving target to the metallurgist, but 
new high-temperature materials, improved de- 
sign and better known stress states will be the 
tools applied to this problem. 

In the field of guidance systems, where dimen- 
sional changes on the order of a millionth of an 
inch over a period of a year will be enough to 
cause the vehicle to drift off target, we have new 
measuring devices of this range of sensitivity, 
and there has already been appreciable progress 
in developing structural materials with unheard- 
of stability. This problem will receive much 
attention in the coming years. 

Supply Problems — We have already tapped 
new sources for materials, such as magnesium 
from sea water and iron from low-grade rock. 
Aluminum from clay and zirconium from beach 


sand are new sources of supply. New energy 


from deuterium in sea water has already been 
mentioned. 
Improved life of components presents many 


problems today. For example, take wear resis- 
tance. One of its most important aspects is the 
wear of the cutting tool or forming and forging 
dies. With increasing use of automation with 
its accompanying large capital investment, it 
becomes increasingly important to lengthen the 
periods during which machinery will operate 
before shutting down for tool changes. New 
ceramic cutting tools and cast, wear resistant, 
forming tools have already made some gains in 
this direction. In the General Motors organiza- 
tion, we have already utilized precision cast, 
wear resistant materials for some tools to replace 
the wrought materials. In the latter, a compro- 
mise between wear resistance, workability and 
machinability had to be made; no such compro- 
mise is necessary in the precision cast, wear re- 
sistant tools. 

In the field of corrosion, “new” metals like 
titanium and zirconium can largely decrease the 
rate of corrosion in certain severe surroundings. 
The great amount of research on the mechanism 
of corrosion and surface chemistry reactions 
should shortly lead to a better understanding of 
the fundamentals. 

Early and unpredicted fatigue failures in com- 
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ponents such as bearings is a formidable prob- 
lem, especially in high-performance machines. 
Powerful tools now being applied to this problem 
include intensive work to produce inclusion-free 
and hydrogen-free raw materials and finished 
parts, and the use of X-ray diffraction to control 
residual stresses in hard materials. 
Nuclear Reactors — Containment of 
active fission products in nuclear reactors, the 
stability of materials under intense neutron 


radio- 


bombardment, cheap reprocessing of partially 
spent fuel elements, high permissible burnup of 
fissionable materials, and more efficient conver- 
sion of nuclear energy to industrial use — all 
these problems are being faced by a vast amount 
of man power and research expenditure. 

Materials of High Purity — Production of 
cheap and uniform materials of transistor type is 
a challenging problem. Special melting and 
solidification techniques, and analytical tools 
such as radioactive tracers to control minute 
additions, promise solutions to these problems. 

There is a real possibility that the supercon- 
ductivity noted in some materials near absolute 
zero may be extended into more usable tempera- 
ture ranges. For example, one can easily imag- 
ine that if the electrical conductivity of alumi- 
num could be raised to 150% of its present value, 
vast new frontiers would be opened in the elec- 
trical industry. 


Summary 


In summary, this brief analysis of tools avail- 
able to us in 1958 and some of the problems now 
facing us leads to the conclusion that the prob- 
lems facing us are more difficult, more costly and 
more involved than ever before. But, at the 
same time, the metallurgist has never before had 
so many good tools available to attack these 
problems. We have more man power, financial 
support, understanding, readily available mate- 
rial, new tools for producing materials and for 
measuring their characteristics than ever before. 

I am supremely confident that we are making 
fantastic strides to meet the metallurgical re- 
sponsibilities of the last half of the 20th cen- 
tury. So while one can never be too well 
prepared, I am sure there is no “Dark Ages Era” 
just around the corner in metallurgical progress. 
The metallurgist is doing his part to make the last 
half of this century as startling and awe inspiring 
as was the first half, when William Park Wood- 
side, Founder Member of the American Society 
for Metals, whom we delight to honor, spent the 
most fruitful years of his life. Se 
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PAGE under this title in Metal Progress for 
September 1957 contained quotations from the 
22nd semiannual report of the U.S. Atomic Energy 
Commission which described briefly how the heavy 
isotopes of hydrogen H? and H* can fuse together. 
The result is helium (He* and He*) which weighs 
slightly less than the components, and the reaction 
produces neutrons and the correspondingly large 
amount of heat according to Einstein’s equation 
relating energy and mass, E=mc*. 

On Jan. 24 documents were released 
simultaneously in London and Washington which 
indicate that since 1956 the research programs of 
the Atomic Energy Authority (Great Britain) and 
the Atomic Energy Commission (United States) in 
this field have been closely cooperating, exchanging 
information and conclusions. A recent revision of 
the Joint Classification Guide—binding on Great 
Britain, Canada and the United States—permits 
publication of most of the information gathered to 
date in this area. 

In the United Kingdom the research workers 
have succeeded in producing temperatures of 
5,000,000° C. in a hydrogen “plasma” (deuterium 
ions and electrons) for periods up to 0.005 sec., 
repeated every 10 sec. Up to 3,000,000 neutrons are 
emitted from the gas during each pulse; being non- 
magnetic they escape from the apparatus and can be 
counted. The actual temperatures and times are 
far below those required for the thermonuclear re- 
action—properly defined as a continuing conversion 
of heavy hydrogen into helium—so it is uncertain 
whether the neutrons were knocked off H? or H® 
ions by collision or whether the occasional generation 
of some helium (true fusion) occurred during these 
pulses of power. However, in the British “Zeta” 
apparatus “the number of neutrons produced by 
each pulse of energy was what might be expected 
from a thermonuclear reaction at the measured 
temperatures, and it will be very surprising if they 
are not thermonuclear neutrons”. The British 
scientists believe there is no fundamental reason why 
the higher temperatures and longer times for useful 
power generation cannot be achieved. 

Experiments with the Zero Energy Thermonuclear 
Assembly Zeta started at Harwell, England, in 
August 1957. It sets up an electric charge in a 
round tube of deuterium gas H?. The action is 
analogous to that of a neon sign. This electric 
discharge heats the gas and also produces an intense 
magnetic field around the gas column, which con- 
stricts the column, increases the electrical density, 
and heats the gas still more. To suppress the 
wriggling in the gas column which might then touch 
the container tube, an auxiliary magnetic field is 
applied parallel to its axis. The tube is a torous or 
doughnut of I-m. bore and 3-m. ring diameter. 
Encircling part of the tube is the iron core of a 
large pulse transformer, connected to a bank of 
capacitors capable of storing 500,000 joules of 


some 
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energy. The equipment can generate 200,000 amp. 
of direct current in the ionized gas for periods up to 
5 millisec. and this is repeated at 10-sec. intervals. 

In the United States, three different | 
apparatus have been employed. One—given the 
fanciful name of “Perhapsatron S-3”—is a small 
edition of the Zeta. The others are straight tubes 
called “Columbus II” and “Columbus S-4” for 
studying the so-called pinch effect. “Columbus 
S-4”, the larger equipment, is essentially a 5-in. 
porcelain cylinder, 2 ft. long. Temperatures of 
about 3,000,000° C. are attained in it, when operat- 
ing at 20 kv. and gas pressure of 40 microns. For 
orientation, 5,000,000° C. is higher than the surface 
temperature of any star which has been measured; 
25.000.000° C. is the computed temperature at the 
center of our sun, where a gas (“plasma” is more 
correct) composed of H? and H® in equal parts fuses 
into helium at a steady rate, producing just about 
enough nuclear energy to make up for its radiation 
losses. 

The pinch effect noted above results from the 
magnetic forces set up by the current—which in 
turn is the passage of negatively charged particles or 
electrons toward the positive terminal and the 
passage of positively charged particles or ions toward 
the negative terminal—tending to force both the 
electrons and ions toward the center line of the 
current. Thus the discharge automatically pinches 
itself down to a smaller diameter. Hence, ex- 
ceedingly high temperatures—or, what is the same 
thing, correspondingly high velocities of the moving 
ions—are achieved without contact with the con- 
tainer. Unfortunately, the pinch effect is rather 
unstable, and much study is now being given by 
physicists in many countries to auxiliary magnetic 
fields whereby the hot discharge is kept from 
wandering off and touching the walls. 

In commenting on the above facts contained in 
the official British and American releases, the scien- 
tific correspondent of the Manchester Guardian 
Weekly states that the energy released in a single 
pulse in Zeta is only a small fraction of that re- 
quired to produce the electrical charge, so Zeta is 
not a power producer. However, it is the 
first machine in which any power of thermo- 
nuclear origin has been produced. The way is now 
open to build a machine which should make more 
power than it consumes, and thus provide the 
crucial information for the design of commercial 
power stations. While these, in all probability, 
will be conventional in the sense that the heat will 
generate steam to drive a turbine coupled to an 
electrical generator, there is the chance that a con- 
siderable amount of electrical power may be drained 
off directly, by methods and equipment yet to be 
discovered. Barring some “break-through” in physics, 
metallurgy, or materials engineering, these goals— 
even the most modest—may not be expected for 
at least 20 years. 
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Heat Treating in Vacuum 


By HORACE B, DREVER* 


Vacuum melting is a familiar process; vacuum heat treating 


is relatively new. 


Annealing, tempering and hardening 


are possible, though some precautions must be observed. 
A few examples are described. (J2, 1-73) 


Waue merats have been melted and cast 
in vacuum for several years, the product result- 
ing — from casting to finished part — has usually 
been processed in some natural or manufactured 
atmosphere. However, the highly reactive met- 
als such as titanium and tantalum have required 
heat treatment in an evacuated chamber to avoid 
surface contamination. The development of vac- 
uum heat treating methods for these metals nat- 
urally led to attempts at processing the more con- 
ventional materials. For several years, the heat 
treat division of Drever Co, has operated vacuum 
equipment in which a variety of metals, includ- 
ing such prosaic types as mild steel and Armco 
iron, have been treated. This work has shown 
that heat treating, properly used, can produce a 
better product than the usual methods can. 
Faster rates at lower costs are also indicated. 

Vacuum heat treating furnaces generally are 
one of three types. The simplest is merely an 
evacuated chamber heated by gas, oil or elec- 
tricity. This is used chiefly for annealing. 

For larger retorts and higher temperatures, the 
heating zone is also evacuated. Such a furnace 
is illustrated; instrumentation, pumps and hoist- 
ing mechanism are also shown. It rests in a pit, 
with the top of the retort at floor level. This 
14-in. Inconel retort is 21 in. diameter and 24 in. 
deep; 2150° F. can be reached. 

The third type (a variation of the second) 
consists of an evacuated retort surrounded by 
reflective insulation which contains the heating 
elements. This installation — and the evacuated 
furnace — can only be heated by electricity. 


* Metallurgical Engineer, Drever Co., Bethayres, Pa. 
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Furnaces of all three general types can be ar- 
ranged horizontally or vertically; they can be bell- 
type or drop-away furnaces and may or may not 
have cooling sections. The vacuum pumps are 
dependable and rugged machines, 


easy to main- 
tain and easy to oper rate. 


For these furnaces, 
the rough vacuum is produced by a rotary piston 
pump while the high vacuum is ‘achieved with a 
booster pump of the oil vapor or mechanical 
type. For most heat treating operations, a vacu- 
um of 0.1 micron is satisfactory. The tightness 
of the retort and manifolding are obviously of 
importance. The pumping system and retort 
are thoroughly tested before operation by a mass 
spectrometer to pick up indications of in-leaking 
helium, the helium being applied at all welds 
and joints. Pressure rise in the system because 
of leaks can be held to zero providing that test 
procedures are followed carefully. 

Metals can be annealed, tempered and hard- 
ened in a vacuum. One example is the bright 
annealing of mild steel and Armco iron parts. 
Conventionally, these would be loaded into an 
alloy retort which is then sealed and purged 
with the protective atmosphere. Heating for 
the required cycle follows; on cooling, the stock 
must be protected by expensive atmosphere gas 
until it is below oxidation temperature. It gen- 
erally takes 28 to 30 hr. to complete a typical 
anneal. The gas (and thus its cost) is eliminat- 
ed by vacuum equipment and the total heat 
takes but 24 to 26 hr. With Armco iron used for 
electrical purposes, a better product is produced 
because the metal is degassed during the anneal- 
ing operation. 


METAL PROGRESS 


¥ 
4 
. 

4 

= 

i 


A Vacuum Heat Treating Furnace with 
Heating Coils in an Evacuated Chamber. 


Vacuum heat treating is also useful in the 
bright tempering of stainless steels. Many of 
them require bright hardening and tempering in 
a 1000 to 1050° F. Maintaining bright 
work in an atmosphere at this tempering range 
is extremely difficult; a blush or a tan discolora- 
tion frequently results. Further, the tempera- 
ture is most critical; as little as + 10° F. results 
in a hardness outside the required limits. If the 
stainless steel is tempered in a vacuum below 0.5 
micron (with a retort having a low leak rate), 
the work comes out as bright as it went in. An 
almost exact temperature can be maintained by 
a control system governed by a thermocouple 
placed directly on the work; of course the con- 
nection to a potentiometer is through a vacuum- 
tight fitting. 

Perhaps the most unusual use of a vacuum 
furnace is for hardening. Since the only heat 
exchange in a vacuum is by radiation, it is logical 
to assume that cooling would be too slow to 
obtain high hardness. 

However, if the furnace has a water cooled 
section to the retort and a means for moving the 
work to this cooling section, some stainless steels 


range. 


and toolsteels can be hardened. Though ex- 


pensive, it may be desired to keep finished sur- 
faces intact. 
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The furnace is below floor level; instru- 
mentation and equipment are shown 


Three examples follow: 

1. An air hardening toolsteel, heated to 1850° 
F. and soaked 1 hr., comes out of vacuum with a 
C-62 Rockwell reading. 

2. A hardenable stainless steel of the 440°C 
analysis, 1 in. thick, treated at 1875” F. for 1 hr. 
hardened to a Rockwell C-58 to 60. 

3. A 420 stainless steel die, 2 « 10 x 12 in., 
treated at 1875° F. for 1 hr. and cooled has a 
hardness of Rockwell C-50. Such a die with 
highly polished surfaces would be slightly etched 
if it were quenched out of a salt bath. 

Nonferrous metals can also be heat treated in 
a vacuum, although there are some unusual prob- 
lems involved. Copper is very successfully an- 
nealed in a vacuum —especially the oxygen- 
bearing grade. Brass, however, loses zinc when 
heat treated in a vacuum. Zinc, tin and mag- 
nesium are three of the more common metals 
with high vapor pressures at heat treating tem- 
peratures; they sublime in the vacuum furnace 
and form a vapor. 

While not the only answer to a heat treater’s 
problems, the future of vacuum heat treatment 
seems assured. With further development, the 
process may very well prove to be the answer 
in cases where the maintenance of a good sur- 
face is the prime desire. Se 
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Carburizing 


Reviewed by E. E. THUM 


REAUMUR’S MEMOIRS ON STEEL AND IRON, a 
translation from the original printed in 1772, 
by Anneliese Griinhaldt Sisco, with an 
introduction and notes by Cyril Stanley 
Smith. University of Chicago Press. 1956. 
396 p. plus 17 full-page plates $6.00. 


Ix the early 1700's, all the so-called fine 
steels made into cutting tools were converted 
from wrought iron bars by secret processes. For- 
eign importers busily emphasized that the French 
irons were of no use as raw material. Réaumur, 
however, had observed that excellent files were 
being made in France by what we would now 
call case hardening or pack carburizing. He 
then searched for the proper methods to turn 
the iron bar into steel to its very center. 

Réaumur was not what we would call a 
metallurgist. He was the son of a wealthy prov- 
incial family, so well educated that at the age 
of 25 he was selected as one of the 70 members 
of the Royal Academy of Sciences, and_ his 
ability and energy soon put him into the post 
of director. “He was first and foremost an 
academician at a time when the term implied 
an interest in whatever was novel and provoca- 
tive.” In his lifetime he contributed 75 memoirs 
to the Academy on various aspects of physical 
and biological sciences, only four of which per- 
tain to metals. 

It so happened that in 1675, eight years be- 
fore Réaumur was born, the French Finance 
Minister requested the Academy to prepare de- 
tailed accounts of the various mechanic arts of 
the realm. Thirty years later the first manuscript 
(on printing) was ready. Shortly after Réaumur 
was elected to the Academy, he became editor 
of these lagging “Descriptions,” and his attention 
went to metallurgy from about 1716 to 1726 
(possibly because no one else had an interest 
in it). His original aim was to devise a method 
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for producing castings of equal quality to 
wrought iron, a matter wherein he thought the 
superior artistic abilities and the craftsmanship 
of the Frenchman could well be displayed. Soon 
his attention was turned to the conversion of 
wrgught iron to steel (a subject somewhat out- 
of-bounds to the “Descriptions” since steel was 
a commodity not then made in France). His 
success gave him ideas which led to a method 
for making white heart malleable — thus coming 
full circle. 

His experiments, described in great detail in 
this book, were models of the scientific method 
wherein the surrounding factors were changed 
one at a time and the effects noted. It is diffi- 
cult for the mind today to reconstruct the back- 
ground of “knowledge” on which he worked. 
For example, “iron” was a metallic substance 
produced from a natural mineral or ore by a 
certain process; it had characteristic forgeability, 
weldability and fracture appearance and could 
be readily filed. It was not known that iron 
was a chemical element; the chemists had not 
yet got the best of the alchemists. Steel was 
generally considered to be a purified iron. Reé- 
aumur weighed some bars before and_ after 
cementation and found that the original iron 
(now steel) was heavier; evidently the iron had 
gained something rather than lost anything. But 
what? 

In those days, heat (“phlogiston”) was re- 
garded as a ponderable substance. Could the 
addition to iron, converting it to steel, be 
phlogiston? A series of experiments was made 
wherein 4-0z. pieces of wrorght iron were 
packed in clay, ashes or lime in small covered 
clay boxes and heated variously. The iron al- 
ways remained iron — that is, it remained forge- 
able, weldable, easily filed and of fibrous frac- 
ture. Evidently, phlogiston was not permanently 
added to the iron. 

Similar experiments eliminated such things 
as borax, alkali, alum, vitriol —“only charcoal 
soot and burned leather can change the iron 
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into fine hard steels.” Réaumur recognized that 
certain additions speeded the process, and finally 
came up with the formula 16 lb. soot, 8 Ib. char- 
coal, 8 Ib. ashes of green wood, 5 lb. sea salt — 
all well crushed and mixed together. “Even the 
salt could be eliminated but the process would 
take longer.” 

What, then, was happening? Cyril Smith, 
commentary, says: “Seventeenth century ot 
ophy is shot through with concepts [about con- 
stitution of matter] of ‘parts’ which attract each 
other, which have spaces between them into 
which both particles of heat and other matter 
can diffuse, and by variation of whose packing 
and natural contact all the properties of hard- 
ness, strength and ductility can be quantitatively 
explained.” Accordingly, Réaumur suggested 
that when iron is converted into steel (or cast 
iron) “sulphurs and salts” were added, materials 
fine enough to penetrate into the “parts” of iron 
when urged by heat. He thought that the “sul- 
phur” was some material particle rather than 
an alchemical “principle” which, when associated 
with an earthy matter, ash (?), would form 
He also associated “salt” with “sul- 
phur” because he found that various salts speed- 
ed the process. 

These quaint expressions should not obscure 
the prime importance of this early investigation, 
which rigorously and scientifically investigated 
an important commercial process, junked all the 
hocus-pocus with which ignorance and tradition 
had surrounded it, and discovered the funda- 
mental principles with which variations in the 
commercial process could be kept under control. 

This fascinating book does what all good 
books do, namely, urges the reader on to other 
works. This reviewer would suggest Giolitti’s 
“Cementation of Iron and Steel” (McGraw-Hill, 
1915) as supplementary reading. In his early 
chapters, Giolitti outlines the growth of chem- 
ical knowledge from Réaumur’s through the next 
two centuries. It appears that Réaumur’s work 
on steel was used to much better advantage by 
the English than by his own countrymen. Shef- 
field became predominant in converting excellent 
Swedish iron into blister steel using nothing but 
powdered wood charcoal as a carburizer, and 
later melting it into crucible cast steel. About 
1760 (40 years after Réaumur’s Memoirs ), Berg- 
man, the Swede, showed that graphite — thought 
to be a compound of phlogiston — changes iron 
into steel or cast iron. The next step (1780) 


charcoal. 


was taken by another Swedish chemist, Scheele, 
who identified the graphite in cast iron with 
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“mineral carbon” made of “fixed air”, what we 
would now call CO, and “phlogiston”. Only 
a few years later, Lavoisier exploded the age-old 
phlogiston theory, and it was soon shown by his 
French compatriots that the “sulphur and volatile 
salts” of Réaumur were only carbon gradually 
absorbed into iron. 

Interest in cemented steel fell off sharply in 
the midnineteenth century, what with the inven- 
tion of the bessemer and openhearth processes. 
Case hardening, the industrial process of today, 
also awaited the mass production of machinery 
in the 20th century. Giolitti points out that little 
information of a fundamental nature was ac- 
quired during this interim, probably because 
of the puzzling effect of nitrogenous compounds 
—especially cyanides—on the case hardening 
process. 

By 1900, then, the common view of metal- 
lurgists was that solid carbon in contact with 
hot iron (austenite) diffused inward from its 
surface. They conveniently forgot that there is 
a pronounced shadow effect — that areas not in 
close contact with fine carbon did not harden. 
By experiments as rigorous as Réaumur’s, Giolitti 
proved that the direct action of carbon is so 
small as to be negligible in commercial case 
hardening, that the gas, carbon monoxide, is the 
vehicle carrying carbon from the cement to the 
surface of the steel, and that what we now call 
carbon potential of the atmosphere is primarily 
determined by the mixture of CO and CO, in 
equilibrium at the metal’s surface. These ideas 
are fundamental to all our present-day methods 
of heat treatment in controlled atmospheres. 

Another interesting parallel between these two 
scientists, separated in time by nearly two cen- 
turies: Both believed what they Their 
eyes were used as instruments. Réaumutr’s prime 
method of distinguishing between iron and steel 
and the quality of each was by the appearance 
of the fracture—the macrostructure.  Giolitti 
leaned equally heavily on the appearance of a 
polished and etched cross section —the micro- 
structure. The keenness of his eyes were merely 
magnified a hundred-fold. 

The present reviewer can recommend reading 
of Réaumur and Giolitti for another reason, and 
that is that it would immediately distinguish be- 
tween a good translation and a mere translitera- 
tion. The linguistic ability and scholarship of 
Mrs. Sisco and Dr. Smith shine forth on every 
page. Typographically, also, the Réaumur trans- 
lation is outstandingly good. Get yourself 
copy and treat yourself to a treat! 
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Microscopes 
to Fit Students 


New Haven, Conn. 

Microscope tables are always too 
high or too low, relative to the length 
of the observer, the latter usually 
variable over a wide range. Tilting 
the microscope is a complete solu- 
tion, but the usual mechanical stage 
necessary to keep the specimen from 
sliding off, at $50 to $75 multiplied 
by a number of microscopes, pro- 
duces another unfavorable ratio of 
cost to budget. 

We have found a simple, adequate 
and inexpensive solution at Ham- 
mond Metallurgical Laboratory of 
Yale University. 

Drill and tap two holes in the 
stage (or tap the two holes already 
there for spring clips) and attach by 
two thumb screws a_ rectangular, 
slotted plate, 34% X 1% X 3/32 in. 
The slots should be long enough to 
take care of the width of the usual 
specimen mount. While it is neces- 
sary to move the plate for a com- 
plete survey of the specimen, much 
can be done without moving the 


Slotted Plate and Thumb 
Screws Hold Specimen 
on Sharply Tilted Stage 


plate by simply observing along the 
line defined by the position of the 


late. 
P RAYMOND C. BOETTNER 


Assistant in Research 
Yale University 


Metallurgical Dragon 


Wuittnc, INp. 
Modern metallurgy has revived 
what appears to be a monster from 
a bygone era. In a photomicro- 
graph of sintered Type 316 stainless 
steel micrometallic grains was found 
a creature known to exist in the 
middle Jurassic period of the Meso- 
zoic era, some 140 million years ago. 
The similarity of the photomicro- 
graph (taken at 250 and magnified 
3 in reproduction), and the carniv- 
orous horned dinosaur, ceratosaurus 
nasicornis*, is remarkable indeed. In 
metallurgical parlance, this morph- 
ology may be termed “cornisaurite”. 
The petroleum industry, using 
stainless steels in processing units, 
such as the filter material shown 
here, has encountered many prob- 
lems of a peculiar nature. Could it 
be that this denizen from the past 
is to blame? 
R.R. BANERJEE 
Leader, Metals Research Group 
Standard Oil Co. 


*Reproduced from Hutchinson’s 
“Extinct Monsters,” Chapman & 
Hall, 1910. 
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Far Faster... 
Lower in Cost... 


Improves Quality 


by providing sound, 
uniform, close- 
tolerance brazes 


Complicated 
aluminum 
tube “nests” (like 
this) are brazed 


fast and economically 
in this Ajax installa- a 
tion in a well-known 

California plant 


DIP BRAZING OF ALUMINUM 
ASSEMBLIES [ives Production a Big Boost 


Even highly complicated aluminum assemblies can be handled 
better and faster . . . on a mass production basis . . . in inexpensive 
Ajax Salt Bath Furnaces engineered for maximum efficiency on your 
particular application. 

Costs are reduced and brazing quality materially improved. All 
joints are brazed quickly and simultaneously. Distortion is negligible. 
Polished aluminum surfaces offer no problem. Extremely close tem- 


perature control eliminates the possibility of overheating. 


Write for Ajax Case History Bulletin 


Chock full of valuable heat treat- L 


ing information, this little Ajax SALT BATH FURNACES 


house organ is issued four or five Internally heated. Electric and gas fired types. 


times each year. A note on your A J A 4 E L EC T R | re ra re) M P A N Y 


company stationery will put you 


Do you get ‘Salt Bath 
Tips & Trends’’? 


910 Frankford Ave. Philadelphia 23, Pa. 


on the list to receive it. Affiliates: Ajax Electrothermic Corp., Ajax Engineering Corp. 


LEADERS IN SANT BATH DEVELOPMENT SINCE 1936 — 
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David F. Ritchie 


Davi F. Rircnre assistant 
editor of Metal Progress, has been 
on the editorial staff of the American 
Society for Metals for a year and a 
half. A native of St. John, New 
Brunswick, Dave graduated from the 
University of New Brunswick and 
came to the United States in 1949 to 
settle in Cleveland. He worked for 
Euclid Road Machinery Co. and as 
a welding engineer for Lincoln Elec- 
tric Co., continuing his education at 
Western Reserve University and 
Fenn College where he studied busi- 
ness administration and engineering. 
In 1955 he began his editorial career 
as associate editor of the Industrial 
Publishing Group and a member of 
the staffs of Industry and Welding 
and Welding Illustrated. In August 
1956 he joined the editorial staff of 
Metal Progress. 


I. S. Levinson @ has been named 
sales manager of technical products 
for Ampco Metals, Inc., Milwaukee, 
Wis. Until receiving this assign- 
ment, he was product manager in 
charge of process industries sales. 


G. G. Hatch @ has been ap- 
pointed president of W. S. Atkins & 
Associates Ltd., Toronto and Mont- 
real, associated with W. S. Atkins & 
Partners of London, England. A 
graduate of McGill University and 
Massachusetts Institute of Technol- 
ogy, he was until recently plant 
superintendent of the Quebec Iron 
and Titanium Corp., Sorel, P.Q. 
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Carl R. Weymueller 


The second assistant editor on 
Metal Progress is Cant R. Wey- 
MUELLER @, who joined the staff in 
November 1957. Born and raised in 
Chicago, he entered the Army soon 
after his graduation from high school 
there and served in the Signal Corps 
for 3% years. Discharged from the 
Army in 1945, Carl spent the next 
four years concentrating on his met- 
allurgical education and in 1949 re- 
ceived his bachelor’s degree in met- 
allurgy from the University of 
Illinois. Joining Republic Steel 
Corp., in Chicago, he worked as a 
metallurgist until July 1957 and, 
after several months with Wyckoff 
Steel Co., became assistant editor on 
Metal Progress. 


A. L. Leo-Wolf @ has _ been 
named assistant general manager in 
charge of operation of the newly 
organized refractories division of the 
Carborundum Co., Niagara Falls, 
N.Y. The company’s Stupakoff Div., 
Latrobe, Pa., Globar Div., Niagara 
Falls, and Refractories Div., Perth 
Amboy, N.J., have been integrated 
into one division, now called the 
refractories division. Mr. Leo-Wolf 
was formerly general manager of the 
Globar Div. 


Andrew F. Kravic @, former in- 
structor in metallurgical engineering 
at the Polytechnic Institute of Brook- 
lyn, is now associated with the nickel 
sales department of the International 
Nickel Co., New York. 


Charles E. Nelson @, technical 
director of the magnesium division 
of Dow Chemical Co., Midland, 
Mich., was nominated as vice-presi- 
dent of the American Foundrvmen’s 
Society for 1958-59. At the same 
time, Jake Dee @, president of Dee 
Brass Foundry, Houston, Tex., was 
selected as a director to serve for a 
three-year term. 


Norman P. Pinto @ is now plant 
manager of the fabrication plant of 
the Beryllium Corp., Hazleton, Pa. 
Before accepting his new position, he 
was head of the manufacturing sec- 
tion of Sylvania-Corning Nuclear 
Corp., Hicksville, N.Y. 


George B. Goodwin @ has been 
appointed district sales manager of 
the new Los Angeles district sales 
office of Universal-Cyclops Steel 
Corp., Bridgeville, Pa. 


W. A. Keck @, formerly district 
representative in Houston, Tex., for 
the Sheffield Div., Steel 
Corp., has been transferred to Tulsa, 
Okla. Mr. Keck joined Sheffield in 
Kansas City in 1955 as a sales 
trainee, and later acted as district 
representative in Wichita, Kan. 


John M. Keyes @ has been pro- 
moted to division technical manager 
of the recently created new products 
division of Wolverine Tube Div., 
Calumet & Helca Consolidated Cop- 
per Co., Detroit. 


Howard P. Berger @ has been 
transferred from Detroit to Cleve- 
land as branch manager of the 
Wheelco Instrument Div. of Barber- 
Colman Co. 


Daniel A. Sherick @ has been 
promoted to plant products manager 
and superintendent of the Griswold, 
Ohio, plant of Brainard Steel Div., 
Sharon Steel Corp. He joined Brain- 
ard in 1955 as plant manager at 
Griswold directing the manufactur- 
ing of tubing and remained in this 
capacity until his recent appoint- 
ment. At the same time, S. W. Kit- 
tredge @ was named superintendent 
of the Brainard plant at Larchmont, 
Ohio, and V. Zenobile @ became 
chief inspector at Larchmont. 


M. E. Nixon @ has been ap- 
pointed vice-president, sales, for 
Canadian Steel Foundries (1956) 


Armco 


Ltd. Mr. Nixon joined the Com- 
pany in 1948 and has been manager 
of sales for the past two years. 
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HEAT CORROSION SFOR HIGH 


SERVICE 


Every heat treating operation has its own special castings 
requiremerits. Our engineers need only the 
facts about your particular heat treating operation 
to design tind produce Fahrite castings 
with the corree? characteristics to meet your 
problems. Fahrite alloy castings are products of careful 
design, metallurgiea! and foundry control 
techniques — assuring sound, high tensile strength 
castings that resist theratal shock, stand up longer 
in service. Thera are grades of Fahrite to meet your 
exact operating conditions. A few of the many types of Fahrite 
castings made by Ohio Steel are: Rails - Chain + Reforts - 
Solution Pots + Muffles « Rollers - Radiant Tubes « Fixtures - 
Hearth Plates * Dipping Baskets - Carbtrizing Boxes. 


THE OHIO STEEL FOUNDRY / 


SPRINGFIELD, OHIO 


Springfield and Lima, Ohio 
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Core of Your Nuclear Planning 


FENN PRECISION ROLLING MILLS are made in a complete range of sizes and types 
for laboratory, pilot run and production. They are designed and built to meet the 
requirements of nuclear metallurgy, including the newest and toughest metals. They 
can be supplied in both vertical and horizontal types with complete instrumentation 
for remote control and hooding where necessary. 


FENN ROTARY SWAGING MACHINES are the invaluable precision production tools 
for nuclear metal forming . . . hot or cold . . . without producing chips. A complete range 
of sizes with capacities from 42" to 6” diameter. Models also available for internal 
reductions and with special length dies. Compact self-contained unit facilitates hooding. 


FENN DRAW BENCHES AND TURKS HEADS—Fenn makes both hydraulic and 
mechanically actuated draw benches with capacities from 2,000 to 40,000 pounds pull. 
Variable drawing and return speeds to fit your specific requirements. Fenn Turks 
Heads, with infinite adjustment of rolls, are a valuable accessory to draw benches 
for producing almost limitless shapes in wire, rod, or tube. 


For eng:eering services 
or :fzcature, write 
NUCLEAR MACHINERY DIVISION 


THE FENN MANUFACTURING COMPANY e@ 502 FENN ROAD, NEWINGTON, CONN 


»” 
Swaging Machines 


Personals .. . 


Robert H. Bennewitz © has ac- 
cepted an appointment as assistant 
manager, railroad department, in the 
Chicago office of the Linde Co., a 
division of Union Carbide Corp., 
New York. Mr. Bennewitz joined 
Linde as a development engineer in 
1941 after graduation from the Uni- 
versity of Wisconsin, and most re- 
cently served in the Kansas City, 
Mo., office as Southwestern region 
manager of engineering service. 


Victor F. J. Horvath @ is now 
a mill engineer for the New Jersey 
Zinc Co. of Pennsylvania. 


Donald C. Hilty @, manager of 
research information at the Metals 
Research Laboratories, Electro Met- 
allurgical Co., Niagara Falls, N.Y., 
was one of the recipients of the 
Robert W. Hunt Medal of the Amer- 
ican Institute of Mining, Metallurgi- 
cal, and Petroleum Engineers at the 
society's recent annual convention in 
New York. Mr. Hilty was recog- 
nized for his work on a paper on 
iron and steel. Milton E. Wads- 
worth @ was also one of several 
authors to be given the Extractive 
Metallurgy Div. Award of the Metal- 
lurgical Society of A.I.M.E. for a 
technical paper. 


Clyde E. Williams @ recently re- 
tired as president of Battelle Memo- 
rial Institute, Columbus, Ohio, to 
form a new company to be known as 
Clyde Williams and Co. The new 
firm’s aim is to assist the manage- 
ment of industrial concerns with 
such technical and business prob- 
lems as research programming and 
application of science and technol- 
ogy to industry. 

Mr. Williams’ successor as presi- 
dent of Battelle Memorial Institute is 
B. D. Thomas. Active head of the 
Institute since being named direc- 
tor a year ago, Dr. Thomas has been 
a member of the Battelle staff for 
nearly 25 years. 


Philip R. Sperry @ has accepted 
a position as project engineer in the 
aluminum technical center of the 
metallurgical research division, Olin 
Mathieson Chemical Corp., New 
Haven, Conn. He was formerly a 
research metallurgist with the de- 
partment of metallurgical research 
of Kaiser Aluminum & Chemical 


Corp., in Spokane, Wash. 
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R ty, Ra 


Cm— Mode of control On-Off. 

Rr—High-reliability electron tube operates relay 
on command of temperature indicator. 

Srx—Sensitivity of response is such that a temper- 
ature change of only .3% of full scale will cause 
control action. 

$*—Accuracy of rugged movement is plus or minus 
1% full scale. 

T/W**.—Torque-to-weight ratio is high of this dou- 
ble-pivoted, moving coil, permanent-magnet 
type movement. Hardened steel pivots. Phos- 
phor bronze springs. Sapphire bearings. 

T¢,—Alnor® Thermocouple Accessories offer you 
the best engineered control package for all 
applications from 0-400°F. to 0-3000°F. 


Alnor automatic 
(1+ Rr) Te, = Pyrotroller temp- 


erature control. 
Get complete details on this compact electronic in- 
dicating-controlling pyrometer by writing to: 
Pyrotroller, Illinois Testing Laboratories, Inc., 
Room 523, 420 N. LaSalle St., Chicago 10, Illinois. 


ILLINOIS TESTING LABORATORIES, INC. 


420 North LaSalle Street, Chicago 10, Ill. 
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PIONEERS AND STILL LEADERS 


..in Automated Harden 
Quench and Draw 


A large automotive plant 
required furnaces to heat treat 
4,000 Ibs. per hour of forgings 
or castings automatically. The 
equipment had to be durable 
to produce a constant uninter- 
rupted flow of parts and also 
effect a substantial saving over 
previous methods. 


Industrial’s direct fired continuous belt type hardening furnace and 
famous “CIRC-AIR” draw are doing the job. Loading 35 Ibs. per square 
foot of conveyor, hardening is at 1700 deg. F., quench in 1700 gallons 
of oil and temper at 1200 deg. F. 


The rugged, dependable Industrial furnaces are completely automatic; 
produce 4,000 Ibs. per hour every hour every day. 

Besides saving man hours, there is a 20% fuel saving by use of the con- 
tinuous belt conveyor operating wholly within the hardening furnace. 
Industrial’s “CIRC-AIR” draw furnace is the most efficient heating machine 
made for temperatures up to 1300 deg. F. High velocity fans force re- 
circulated hot gases through the work with no temperature head. Thin 
and thick sections come to heat evenly; and the entire load is heated 
uniformly. 


Send for “CIRC-AIR” Bulletin No. 13-A 


INDUSTRIAL 
HEATING EQUIPMENT CO. 
CIRC-AIR 2570 FREMONT PLACE, DETROIT 7, MICHIGAN © WALNUT 3-7000 


IN RECIRCULATION 


Personals .. . 


Hugo D. Becker, Jr., @ has been 
appointed Southern regional man- 
ager for Latrobe Steel Co., Latrobe, 
Pa., with headquarters in Tampa, 
Fla. Prior to assuming his new 
duties, Mr. Becker was a sales rep- 
resentative for Latrobe in Georgia, 
South Carolina and Florida. 


J. K. Hurwitz @ has accepted a 
post as senior technologist in spec- 
troscopic research at the Applied 
Research Laboratory of the U.S. 
Steel Corp. in Monroeville, Pa. Dr. 
Hurwitz completed his undergradu- 
ate and graduate studies at the Uni- 
versity of Toronto, and before com- 
ing to the United States was senior 
scientific officer in the Dept. of 
Mines and Technical Surveys of the 
Canadian Government. 


Milton C. Parsons @ recently left 
his position as chief metallurgist for 
Burroughs Corp. to accept a post as 
research metallurgist with Wall Col- 
monoy Corp., Detroit. 


Walter A. Schlegel @ has been 
assigned as resident chief metallur- 
gist for the Carpenter Steel Co.'s 
newly acquired subsidiary, Carpen- 
ter Steel of New England, Inc., 
Bridgeport, Conn. Schlegel joined 
Carpenter in 1927 after graduation 
from Dickinson College and since 
1954 has been a metallurgist in tool 
and alloy steels. 


George A. Gibbs ©, formerly affil- 
iated with the Bulova-Watch Co., 
Inc., has been appointed chief metal- 
lurgical engineer and chemist in 
charge of plant production and qual- 
ity control for the L-S Plate and 
Wire Corp., Woodside, N.Y. 


Alan C. Mattison @, president of 
Mattison Machine Works, in Rock- 
ford, Ill., has been elected second 
vice-president of the National Ma- 
chine Tool Builders’ Assoc. at the 
society's annual meeting in French 
Lick, Ind. 


Edward H. Perkins, Jr., @, vice- 
president of Brooks & Perkins, Inc., 
Detroit, is now manufacturing man- 
ager of the company. In his new 
capacity, he will still retain the man- 
agement of the Magplate Div. Mr. 
Perkins has held various executive 
positions with Brooks & Perkin, most 
recently as administrative assistant 
to the executive vice-president. 
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melt buttons, pounds, 


or tons in proved 


vacuum arc furnaces 


W. C. Heraeus of Hanau, Germany, have made and oper- 
ated more than 100 of these vacuum arc furnaces over a 
ten-year span. 

Now you can share the mastery of vacuum melting and 
casting gained through this broad experience. The fur- 
naces are for sale on a royalty-free basis. Included are 
complete information and thorough training in proved 
techniques—all with no strings attached. 


2500 pound ingot of titanium cast in a single mold using ti sponge 
the consumable electrode. 


You can now produce melts in vacuum or a controlled atmosphere—in 
ingots up to 24” diameter and larger—of steel, zirconium, titanium, and 
high melting point alloys. You can produce melts of very high purity and 
superior grain structure; for example: titanium with hydrogen levels held to 
0.0012 wt.[% and Brinell hardness values between 95 and 105. 


Unique electrode feed. The high quality of the melts is attained by feeding 
the consumable* electrodes at optimum rates. An electronic system, the 
Heratron Control, monitors arc voltage, current, and short circuits—and 
automatically maintains the arc between )9 and 1 inch in length. 


Maintaining the vacuum. Each pumping system is assembled from the 
world’s largest selection of CEC vapor pumps, Roots pumps, and other 
mechanical pumps. Whether your specifications call for a diffusion-ejector 
pump plus a Roots pump or a Roots pump plus another mechanical pump, 
CEC can provide the very finest together with the necessary vacuum con- 
trols, gauges, valves, and piping. 


How to purchase. There are five standard models of the Heracus furnace 
with capacities from 20 lbs. to 6600 Ibs. of steel—and special designs with 
capacities ranging up to and beyond 10,000 Ibs. of steel. 

CEC has an exclusive license to sell and service these furnaces, the Roots 
pumps, and accessories. For a complete discussion of these proved furnaces, 
write for Bulletin 4-27. 


*The smallest of these furnaces also operate with nonconsumable clectrodes 


Consolidated Electrodynamics 


Rochester Division, Rochester 3, N. Y. 


formerly Consolidated Vacuum 
SALES AND SERVICE OFFICES IN PRINCIPAL CITIES 


Ingots of 16” diameter can be processed in this 
Model VA-L 600 sh Heraeus furnace. 


MARCH 1958 


— 
/ 
] 
- 
_4 
- 
@ 
119 


you can. get this 
brilliant finish 2 


directly on ‘3 


No electroplating--no 
mechanical finishing! 


PART AS CAST 


WEW 
TIRIDITE) (Cast-Zinc-Brite) 


brightens zinc die castings by chemical 


TREATED WITH NEW IRIDITE 


polishing, protects against corrosion 


NOW, FOR THE FIRST TIME you can get a brilliant, decorative finish 
directly on zinc die-cast parts . . . without mechanical finishing, with- 
out electroplating! The luster is provided by the chemical polishing 
action of new Iridite (Cast-Zinc-Brite) solution. Even surface blem- 
ishes, such as cold shuts, are brightened by this new process. No 
electrolysis. No special equipment. No specially trained personnel. 
Just a simple chemical dip for a few seconds and the job is done. 
And, this new Iridite has been tested and proved in production. 


CORROSION RESISTANCE, TOO! New Iridite (Cast-Zinc-Brite) provides 
exceptional corrosion resistance for bright-type chromate finishes . . . 
also guards against blueing or darkening by eliminating zinc plate 
formerly required in bright chromate finishing of zinc die castings. 


AS A BASE FOR ELECTROPLATING—Lower mechanical finishing costs are 
possible where plated finishes are required since the brightness pro- 
vided by this new Iridite may be sufficient. 


LET US SHOW YOU what Iridite (Cast-Zinc-Brite) can do for you. Send us at 
least a half-dozen typical zinc die-cast parts for FREE PROCESSING for your 
own tests and evaluation. Or, for immediate information, call in your Iridite 
Field Engineer. He's listed under "Plating Supplies” in your classified ‘phone 
book. IMPORTANT: when you give us samples for test processing, please be 
sure to identify the alloy used. 


lridite is epproved under government 


Restance Prooucs 


INCORPORATED 
4004.06 MONUMENT STREET BALTIMORE smo 


Personals . . . 


Leon B. Rosseau @ was elected 
president and treasurer of the Ajax 
Electric Co., Philadelphia, at a re- 
cent meeting of the board of direc- 
tors. Associated with Ajax for over 
17 years, Mr. Rosseau was vice- 
president and general manager until 
taking over his new assignment. He 
succeeds John E. Haig @, one of 
the founders of the company, who 
has retired after 27 years in the busi- 
ness. Mr. Haig will continue to 
serve Ajax on a consulting basis. 
H. W. Schrader @, formerly pro- 
duction manager, was named vice- 
president at the same meeting. 


Richard D. Mercer @ has been 
assigned as product manager, stain- 
less steel strip, in the sales depart- 
ment of Allegheny Ludlum Steel 
Corp., Pittsburgh. Since joining 
Allegheny Ludlum in 1950, he has 
served as salesman in the Chicago, 
Dayton and Cincinnati offices, and 
two years ago was appointed assist- 
ant to the director of sales, stainless 
and specialty steels. 


Harold D. Kessler @, formerly in 
charge of the metallurgical research 
division of Titanium Metals Corp. 
of America in Henderson, Nev., has 
been transferred to the company’s 
newly established product develop- 
ment laboratory in Toronto, Ohio, 
where he will head the new product 
development division of the techni- 
cal department. Several other @ 
members were transferred to the 
new laboratory. W. M. Parris & 
will be in charge of sheet and strip 
development, E. Bohanek @ will 
head the bar, billet, extrusions, and 
wire department, and A. Smith @ 
will head the laboratory operations. 


Leo P. Tarasov @ has been ap- 
pointed research associate for the 
Norton Co., Worcester, Mass. <A 
graduate of Case Institute of Tech- 
nology and Massachusetts Institute 
of Technology, he has been a mem- 
ber of the research and develop- 
ment department of the company 
since 1941. 


G. L. McMillin @ has been ap- 
pointed president and general mana- 
ger of the Canadian Steel Foundries 
(1956), Ltd., Montreal. Until re- 
cently, he was vice-president and 
general manager of Canadian Steel 
Foundries. 
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.-. alleviates a major 
metalworking problem- 
poor centerline quality 
in alloys 


The more surface metal you cut away from an alloy 
steel bar, the more important uniform core quality 
becomes. The drill illustration above shows you why. 


In alloy steels made by conventional steelmaking proc- 
ess, segregation, porosity or other inhomogeneities are 
often found along the centerline. Result: the core metal 
lacks the toughness of the rest of the bar, even though 
it may show no detectable variation. 


To alleviate this major cause of poor tool quality, poor 
tool life and excessive rejects, Carpenter metallurgists 
developed the Mel-Trol process. Now, for the first time, 
alloys with greater uniformity from surface to center- 
line are being made in quantity. 


The Mel-Trol process provides greater freedom from 
segregation, porosity and centerline weakness through a 


system of quality controls which play a part in every 
phase of the entire steelmaking process. Equipment de 
veloped specifically for Carpenter is used together with 
the most modern standard quality control tools. Every 
piece of equipment is used to its highest accuracy— 
nothing less. 


Mel-Trol alloys are now available at Carpenter mill- 
branch warehouses. Ask about them the next time a 
Carpenter representative calls on you. He'll show you 
how you can join the growing number of companies 
who are finding Mel-Trol alloys the answer to a host of 
metalworking problems. 


ter 


The Carpenter Steel Company, 133 W. Bern St., Reading, Pa. 
Export Dept.: The Carpenter Steel Co., Port Washington, N. Y —‘“carsterico” 


Pioneering in improved specialty steels through continuing research 
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Write for the 
Progress Report 
on new develop- 
ments in Kinney 
Furnaces. 
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HIGH VACUUM FURNACES 


The increasing demand for metals of high purity is now 
well beyond a few specialized applications. The obvious 
improvements in the properties of the metal on the one 
hand—and, the superior end product with minimum rejects, 
on the other, spell out the need for advanced type furnace 
equipment NOW! KINNEY High Vacuum Furnaces are 
exciting high interest among metallurgists both through 
their performance and the insight of your problem exhib- 
ited in their engineering! Whether your interests lie solely 
in ferrous metals or any of the so-called “exotic” group, 
you will want to know more about What Kinney is Doing. 


ABOVE 
300 Ib. KINNEY High Vacuum 
Melting Furnace built for D. E. 
Makepeace, Div. of Engelhard 
industries, inc., Mass. 


equip 
heating, is used for Vacuum Melt- 
ing Uranium and its alloys and 
is designed for either tilt or 
bottom pouring. The resultin 
vacuum processed metal is u 
in the fabrication of Nuclear fuel 
elements. 


LEFT 

Two KINNEY High Vacuum Fur- 
naces in the plant of The Brush 
Beryllium Co., Elmore, Ohio. These 
300 Ib. units are used for melting 
and purifying Beryllium. The tilt- 
ing furnace ch s 

date special induction heated 
crucibles. 


KENNEY wes. oivision 


[THE NEW YORK AIR BRAKE 
| 3584C WASHINGTON STREET + BOSTON 30 + MASS. 


| Please send me copy of your Progress Report on High 
| Vacuum Furnaces. 


Zone State 


Personals . . . 


Philip Cohen @ has joined Mag- 
netics, Inc., Butler, Pa., as manager 
of a group conducting research on 
high-permeability magnetic materi 
als. Dr. Cohen was on the staff of 
the General Electric Co. in Cincin- 
nati, Ohio, before coming to Mag- 
netics, Inc. 


Burton C. Person @ has left his 
position as assistant chairman of the 
John Wood Co. to accept a post as 
plant manager of Modiglass Fibers, 
Inc., in Bremen, Ohio. 


Michael Soviak @ has been placed 
in charge of the metallurgical con- 
trol programs of Commercial Steel 
Treating Corp., Detroit, as chief 
metallurgist. He had served as as- 
sistant chief metallurgist since join- 
ing the company in 1946. 


Bruce R. Wise @ has been trans- 
ferred to the Cincinnati, Ohio, office 
of the Timken Roller Bearing Co. as 
sales engineer in the steel and tube 
division. Beginning his career with 
the company as a sales trainee in 
1953, he had been sales engineer in 
the Los Angeles district office since 
1954. Robert Winder @ has suc- 
ceeded Mr. Wise as sales engineer 
in the Los Angeles district of the 
steel and tube division. Since join- 
ing the company in 1956, he has 
served as sales engineer in the De- 
troit office. 


Robert A. Lubker @ has been 
named director of research of Alan 
Wood Steel Co., Philadelphia, where 
he will be in charge of developing a 
new research laboratory for the 
company. For the past ten vears, 
Mr. Lubker has been associated with 
the Armour Research Foundation of 
Illinois Institute of Technology, and 
last held the post of manager of 
metals research there. 


Carl E. Applequist @ has assumed 
new responsibilities as manager of 
steel sales for International Har- 
vester Co., Chicago. He joined the 
organization in 1930 as a steel sales 
representative. 


George B. Michie @, vice-presi- 
dent and public relations director of 
Electro Refractories & Abrasives 
Corp., Buffalo, N.Y., has been se- 
lected as a member of the public 
relations committee of the Grinding 
Wheel Institute. 
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By J. H. GEYER 
Manager, Product 
Development Dept., 
AMERICAN CHEMICAL 
PAINT COMPANY 


Paint systems have been steadily im- 
proved in an effort to produce more 
decorative, easier-to-apply, and more 
corrosion-resistant films. The ability, 
however, of any paint film to perform 
its predetermined functions cannot be 
fully utilized without properly prepar- 
ing the metal surface. 

The prepaint preparation of the 
metal surface is therefore a highly 
important part of the system. Chemical 
prepaint treatments are designed to do 
four jobs and do them well. First, they 
remove organic soils, shop dirt, scale, 
and rust or corrosion products from 
the metal surface. Second, they pro- 
vide surfaces that are completely com- 
patible with subsequent paint films. 
Third, they produce a tooth that pro- 
motes good paint film adhesion. 
Fourth, they effectively prevent under- 
paint corrosion growth after any 
breakthrough in the paint film. 

Basically, there are four types of 
chemical prepaint treatments. These 
are phosphoric acid, iron phosphate, 
zinc phosphate, and amorphous phos- 
phate or chromate. Each is discussed 
briefly in the following paragraphs. 


Phosphoric Acid 


Perhaps the most widely used and cer- 
tainly one of the most economical 
chemical prepaint treatments is the 
phosphoric acid cleaner combination 
materials. ACP Deoxidine® is such a 
material. It removes organic soils, rust, 
scale and contaminating elements from 
the metal surface. It also produces a 
light etch on steel, aluminum or zinc 
surfaces which considerably aids in in- 
creasing paint adhesion. It does not, 
however, form an actual coating on 
the metal surface. Any breakthrough 
in the subsequent paint film will permit 
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Chemical Prepaint Treatments for Metal Surfaces 
What they do, the types available, how they are applied 


underfilm corrosion to proceed. Grades 
of Deoxidine are available for applica- 
tion by brush or swab, hot and cold 
dip, or hot spray. 


| 
| 


Iron Phosphate 


Iron phosphating processes are ex- 
tensively used in the chemical pre- 
paint treatment of appliances such as 
water heater shells, ranges, washers, 
dryers and other white lines. These 
processes will produce excellent paint- 
bonding films on the metal and re- 
tard or prevent underpaint corrosion. 
Duridine,® ACP’s iron phosphating 
process, is a combination organic soil 
cleaner and iron phosphate coating ma- 
terial. Both the cleaning and coating 
operations take place in the same bath. 
Duridine and other iron phosphates do 
not lend themselves to brush-on appli- 
cation, are primarily designed for spray 
type equipment of four or five stages. 
But several dip installations are suc- 
cessfully operating today by inclusion 
of an alkali precleaning stage. 


Zinc Phosphate 


ACP Granodine® is an example of 
this type of chemical prepaint treat- 
ment process, the type now being 
used to treat steel in the automotive 
industry, and predominantly specified 
for steel ordnance and military items. 
This process forms a coating which 
offers the ultimate in paint adhesion 
promotion and vastly augments the 
corrosion resistance of subsequent 
paint films. Zinc phosphate materials 
are extremely flexible as to method of 
application—can be applied by brush, 
dip or automatic spray equipment. In 
a typical dip or power spray system, 
the stages would be alkali clean, water 
rinse, zinc phosphate treatment, water 
rinse, and acidulated final rinse. If the 
metal has considerable areas of rust 
or scale, an acid pickle is advisable 
following the alkali cleaning stage. 
On zinc surfaces, the zinc phos- 
phates perform a rather unique func- 
tion. They act as a barrier against 
chemical reaction between the applied 
paint film and the zinc surface. This 
effectively prevents blistering of the 


paint and early breakdown of the film. 
This is in addition, of course, to the 
improvement of paint adhesion and 
the retarding of underpaint corrosion. 
ACP Lithoform® is specially designed 
for use over zinc surfaces and finds 
wide application as a prepaint treat- 
ment for ornamental zinc die castings, 
refrigerator liners, and on most gal- 
vanized work requiring painted finishes. 


Amorphous Phosphate and Chromate 


These coatings are the films produced 
by the ACP Alodine processes and 
similar ones on aluminum surfaces. 
They have met with wide acceptance 
in the prepaint treatment of venetian 
blind strips, refrigerator liners, alumi- 
num heat transfer units, aircraft sheet 
metal assemblies, and many other items 
fabricated from aluminum. The vari- 
ous coatings provide an excellent film 
for the promotion of paint adhesion 
and effectively prevent underfilm cor- 
rosion. As in the case of zinc, alumi- 
num exhibits a tendency to chemically 
react with some paint systems. The 
Alodine processes develop a barrier 
film between the paint and the alumi- 
num surfaces which prevents this re- 
action. The Alodines are extremely 
versatile materials that can be applied 
to aluminum surfaces by brush, hand 
spray, dipping, mechanical spraying, 
or roller coating equipment. Brush ap- 
plication is particularly well adapted 
to the processing of parts too large for 
simple dip systems or in manufacturing 
operations that do not warrant a tank 
setup. In dip, spray or roller coating 
application, the system usually consists 
of an alkaline preclean, a water rinse, 
the Alodine treatment, a water rinse, 
and an acidulated final rinse. Where 
the surface is heavily oxidized, a de- 
oxidizer in the line is needed. 


The major chemical prepaint treatments for 
metals have been covered briefly in this 
article. More complete information can be 
had by contacting an ACP sales representa- 
tive or by writing us at Ambler, Pc. 


CHEMICALS 


PROCESSES 


AMERICAN CHEMICAL 
PAINT COMPANY 
Ambler 16, Pa. 


Detroit, Mich. . St. Joseph, Mo. 
Niles, Calif. . Windser, Ont. 


New Chemica! Horizons for Industry and Agriculture 
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Personals . . . 


Michael L. McGinnis @ has 
joined the materials engineering di- 
vision of the Gulf Research and De- 
velopment Co., Harmarville, Pa. 


Adam M. Steever @ has resigned 
his position with Columbia Tool 
Steel Co., Chicago Heights, IIl., to 
retire to Florida. 


John E. Jacobs @ has been pro- 
moted from assistant general man- 
ager to general manager of the 
Bethlehem Steel Co. plant in Lacka- 
wana, N.Y. Joining the company in 
1935 at the main works in Bethle- 
hem, Pa., he was transferred to the 
Lackawana plant a year later, and 
since 1950 had served as assistant 
general manager. 


Jestyn Williams @ has retired 
from his position with Gear Special- 
ties, Inc., Chicago, and is now living 
in Georgia. 


Rudolf H. Thielemann @&, chair- 
man of Stanford Research Institute’s 
metallurgy department, has been re- 
appointed chairman of the Subcom- 
mittee on Power Plant Materials of 
the National Advisory Committee 
for Aeronautics for 1958. Mr. 
Thielemann, who has been a mem- 
ber of the subcommittee since 1947, 
was also reappointed to membership 
on the Committee on Power Plants 
for Aircraft. 


Mrs. Laurence D. Pellier @ has 
accepted a position as applications 
chemist for Norelco Instruments 
Div., Philips Electronics, Inc., Mount 
Vernon, N.Y., where she will devote 
her attention to technical problems 
involving electron microscope tech- 
niques. Until taking over her new 
assignment, Mrs. Pellier was a re- 
search metallurgist for Sigmund 
Cohn Corp., Mount Vernon, N.Y., 
and prior to that time was a metal- 
lurgist with American Cvanamid 
Corp., Stamford, Conn. 


Emest R. Ramirez @ has been 
named research engineer in the 
metallurgical products department 
of General Electric Co., Detroit, 
assigned to work on the special in- 
organic materials project in the ad- 
vance engineering subsection. Dr. 
Ramirez formerly conducted re- 
search on the surface finishing of 
aluminum alloys for the Reynolds 


Metals Co. 
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How the purity of Electromanganese® 


eliminates steel-making “bargains” 


that cost money 


as well as elements they don’t want, can’t use, and 
would be better off without! Their reason: it’s 


In theory few metallurgists will argue that pure Elec- 
tromanganese” makes a better steel additive than 


manganese alloys that are contaminated with ele- cheaper! Their problem: getting rid of the unde- 
ments detrimental to the finished product. sirable elements . . . if they can. The result: for the 
In practice, however, metallurgists may frequently most part, adequate but less-than-the-best quality 


choose alloys that contain the manganese they want in the finished product. 


But let’s take a good look at the price tag. Are contam- 
inated manganese alloys really cheaper than the pure ele- 
ment? Today’s cost difference between other manganese 
alloys and pure Electromanganese is only a few pennies. 
This small differential is easily overcome. For example, 
commercial use of carbon- and silicon-free Electroman- 


ganese in low carbon aluminum killed sheet steel shows 
potential economic and quality advantages in the follow- 
ing areas: 


1. Improved furnace and deoxidation practice 


2. Improved deep drawing characteristics 


3. Improved sheet quality; i.e., fewer surface rejections 


RE S U L T :: better quality at lower cost for you and your customers. 


When you buy Electromanganese—Foote’s electro- actual case histories in other plants... help you work 


lytic manganese, guaranteed 99.9% pure—you im- out what you might expect in your own. Until then, 
prove steel quality, cut down rejects, and end up Bulletin 201 will give you more details on Electro- 
with real dollars-and-cents savings. A Foote engi- manganese, the special Hydrogen-Removed Grade 


neering representative is ready to teli you about (H:7.5ppm), and Nitrided Grades, 


Write Technical Literature Department, Foote Mineral Co., 
24 Eighteen West Chelten Building, Philadelphia 44, Pa. 


> 
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f MANGANESE SULPHIDE © WELDING GRADE FERRO ALLOYS * COMMERCIAL MINERALS AND ORES 
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WOVEN WIRE BELTS. 


Brazing Furnece 
1200°F — Min. (Fluoride Flux) |——* To Inspection 


TYPICAL INSTALLATION FOR AUTOMATED ALUMINUM BRAZING 


¥ 


METAL-MESH BELT CONTROLS 
PRODUCT UNIFORMITY 
IN CONTINUOUS BRAZING 


Here’s a belt that not only shrugs off hot atmospheres and corro- 
sive fluxes, but helps produce uniformly brazed parts continuously 
—and in less time. Moving through the furnace at a controlled 
speed, the all-metal Cambridge Belt allows the atmosphere to 
circulate freely through its open mesh and around the product for 
fast, thorough treatment. 


In heat treating, cleaning or quenching operations, too, Cambridge 
Belts help maintain capacity production and cut operating costs. 
Here’s how: 


CONTINUOUSLY MOVING BELTS ELIMINATE BATCH PROCESSING give 
faster, more economical production; reduce manual handling. 


ALL-METAL CONSTRUCTION IS HEATPROOF, COLDPROOF, ACIDPROOF 
—Cambridge belts can be woven from any metal or alloy to take 
sub-zero or up to 2100° F. temperatures, yet remain impervious 
to corrosive atmospheres or solutions. 


OPEN MESH PROVIDES FREE AIR, LIQUID CIRCULATION-——gives more 
uniform processing of product; grit, sand, quench solutions drain 
through belt immediately. 


SPECIAL SURFACE ATTACHMENTS AVAILABLE—raised edges or cross 
flights hold product on belt during movement. 


Talk to your Cambridge Field Engineer soon—he'll explain the many advantages 
of continuous heat treating on Cambridge Woven Wire Belts. He'll recommend 
the belt size, mesh or weave—and the metal or alloy—best suited to your opera- 
tions. You'll find his name in the classified phone book under "BELTING, ME- 
CHANICAL.” Or, write for FREE 130-PAGE REFERENCE MANUAL giving mesh 
specifications, design information and metallurgical data. 


(Ok The Cambridge Wire Cloth Co. 


METAL-MESH WIRE Department B, 


CONVEYOR ae CLOTH Cambridge 3, (Ser 
BELTS FABRICATIONS = = | / 


J Maryland 
OFFICES IN PRINCIPAL INDUSTRIAL CITIES 
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Personals . . . 


Gordon E. Grotke © has been 
appointed a technologist in the weld- 
ing section of the bar, plate and 
forged products division of the U. S. 
Steel Corp. Applied Research Labo- 
ratory in Monroeville, Pa. A gradu- 
ate of Rensselaer Polytechnic Insti- 
tute, Mr. Grotke was formerly 
affiliated with Sciaky Bros. Research 
Laboratory, Los Angeles. 


Albert P. Gagnebin @ and L. E. 
Grubb @ were recently named as- 
sistant vice-presidents of the Interna- 
tional Nickel Co., Inc., New York. 
Mr. Gagnebin will continue as man- 
ager of the nickel sales department 
while Mr. Grubb will be placed in 
charge of labor relations in all Inco 
plants in the United States. He was 
general superintendent of the Hunt- 
ington, W. Va., works from 1953 
until his transfer to New York. 


Cord H. Sump @ has left Armour 
Research Foundation of Illinois In- 
stitute of Technology to accept an 
appointment as research director of 
Goldsmith Bros. Smelting & Refining 

o., Chicago, Ill. Mr. Sump was 
with the Armour Research Founda- 
tion for seven years as research met- 
allurgist and supervisor of powder 
and fiber metallurgy research. 


W. Paul Gerhart @, metallurgi- 
cal engineer for Bethlehem Steel 
Co., Bethlehem, Pa., has announced 
his retirement. Mr. Gerhart began 
his metallurgical career with the 
Worth Steel Co., which later 
merged with Bethlehem Steel, and 
has served in various plants of the 
company. Since 1940 he has been 
in the steel division as assistant met- 
allurgical engineer and later as 
metallurgical engineer in charge of 
plates, structural shapes, piling bars 
and fabricated parts. Mr. Gerhart 
will be succeeded by John R. Le- 
Cron @, assistant metallurgical engi- 
neer. Mr. LeCron joined the com- 
pany in 1930 after graduation from 
Swarthmore College and since 1949 
has been assistant metallurgical engi- 
neer at the Bethlehem plant. 


A. P. Spooner @ has retired as 
metallurgical engineer for Bethlehem 
Steel Co., Bethlehem, Pa. 


S. B. Knutson @ is now plant de- 


velopment engineer for D. E. Make- 
peace Co., Attleboro, Mass. 
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The legendary Firebird, the Phoenix, rose young and strong again and again from flames . . . ‘his is the new Norton Firebird 
— symbol for the exciting new fused materials made in Norton’s electric furnaces. 


BORON: gift of the Firebird <_< 


Fifts of 


Comparable to the ancient Firebird 
legend is the wonder-working energy of 
Norton electric furnaces. Here, raw ma- 
terials are transformed into new, high- 
purity compounds of tremendous im- 
portance to scientific and industrial 
progress. 

For example, Norton began develop- 
ment of stable boron compounds a quar- 
ter century ago and now provides boron 
as the nitride, the carbide or as borides 
and experimentally in its elemental 
form. 

Norton electrochemical engineering 


may be a valuable aid to your own proc- 
essing. It enables users to improve man- 
ufacture with an increasing variety of 
boron-rich compounds, including inter- 
mediates for chemical processing and 
additives for metal alloying. Technical 
cooperation is available with all these 
Gifts of the Firebird. 


Gifts of the Firebird: compounds of 
silicon « zirconium « boron « aluminum 
* magnesium « titanium « chromium 

including many 
borides « carbides + nitrides « oxides. 


he fires 
NEW 
CATALOG AVAILABLE 


Write to Norton Company, Electro- 
chemical Division, 802 New Bond 
Street, Worcester 6, Massachusetts. 


ELECTROCHEMICALS 


MAKING BETTER PRODUCTS ...TO MAKE YOUR PRODUCTS BETTER 
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Induction Hardening of 
Bearing Surfaces 


Digest of “Induction Harden- 
ing as a Means of Increasing 
the Resistance to Wear of Inter- 
nal Combustion Engines and 
Machinery”, by G. W. Seulen, 
Metal Treatment and Drop 
Forging, Vol. 23, August 1956, 
p. 805-310. 


N MANY INSTANCES the induction 

hardening process is replacing the 
processes of carburizing, nitriding 
and flame hardening for improving 
the wear bearing 
surfaces. 

Resistance to electric currents 
which are induced into the surface 
causes heating; when suitable tem- 
peratures are reached, the part is 
quenched, and the surface attains 
a high degree of hardness. 

Penetration of the energy is re- 
lated to frequency, density of cur- 
rent, time of heating, and properties 
of the material. For example, an 
increase in the heating time with a 
reduction in the density results in 
an increase in the depth of harden- 
ing due to heat flow by conduction. 
Other factors which increase the 
depth of penetration are the increase 
in electrical resistance and the de- 
crease in magnetic permeability 
which occur with rising tempera- 
tures. The current steadily shifts to 
layers beneath the surface. 


resistance of 


Thin-walled sections can be only 
shallow hardened if they are to 
retain adequately tough core mate- 
rial. However, deep hardened zones 
are necessary to withstand heavy 
bearing pressures. 

The carbon content of steels used 
for induction hardening varies from 
0.35 to 0.55%. Below this range 
adequate hardness cannot be pre- 
duced and above it there is a 
greater risk of cracking. Alloys are 
used to increase hardenability and 
improve the physical properties of 
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the core. Since the heating time is 
rarely more than a few seconds, a 
structure which will permit rapid 
carbide solution is necessary. How- 
ever, the high temperatures permit 
the use of slightly sluggish structures 
without the danger of increasing 
grain size. Normalizing is often 
necessary to produce desired physi- 
cal properties in the core, 

Depending upon the shape and 
size of the parts being treated, the 
induction hardening method may 
be “static” or “progressive”. With 
“static” hardening the entire sur- 
face is heated and quenched at one 
time. In the “progressive” method 
(generally applied to long objects) 
a narrow band is heated and moved 
along the length of the part; quench- 
ing follows the inductor. Rotation 
of the part is desirable during heat- 
ing to obtain uniformity. Occasion- 
ally inductors which partially 
surround a bearing and through 
which the part is rotated are neces- 
sary; rotation is then essential in 
order to bring the entire surface up 
to hardening temperature. Rota- 
tion to assure a uniform quench 
is recommended — this avoids soft 
spots. Rotation during the progres- 
sive hardening process also keeps 
distortion at a minimum. In fact, 
if the parts are processed horizon- 
tally, rotating is absolutely necessary. 

To use available electric capacity 
to its fullest extent, select equipment 
to use a frequency which will be 
satisfactory under the shortest time 
cycle applicable. In general, low 
frequency is used for deep harden- 
ing and high frequency for shallow 
hardening. 

In addition to the static and pro- 
gressive methods, a “linear” tech- 
nique is used when treating exten- 
sive continuous — surfaces. For 
example, the wearing surface of a 
railroad wheel can be rotated slowly 
past a specially designed inductor 
which will progressively heat and 
quench a narrow area across the 


surface. This linear method causes 
an overlap of lower hardness at the 
starting point. The size of this 
zone is determined by the construc- 
tion of the inductor and the design 
of the quench head. This technique 
is not suitable for crank pins and 
parts which require complete sur- 
face hardening. 

Water is generally employed for 
quenching; however, oil-water mix- 
tures and conventional quenching 
oils can also be used. In progres- 
sive hardening processes, the use 
of oil creates a fire hazard due to 
the accumulation of oil vapor. 

When designing parts to be in- 
duction hardened, abrupt changes 
of section should be avoided when- 
ever possible, the wall thickness of 
thin sections should be as regular as 
possible, collars and _ shoulders 
should have liberal radii, and holes 
and grooves should be well finished 
on the edges. 

Since the induction hardening 
process can be performed essenti- 
ally in the final production line, 
induction hardening equipment as 
produced today is essentially a 


machine tool. 
Osporn, JR. 


Stress-Rupture of Heat 
Resistant Alloys 


Digest of “Notch and Smooth 
Bar Stress-Rupture Character- 
istics of Several Heat Resistant 
Alloys in the Temperature 
Range Between 600 and 1000° 
F.”, by J. G. Sessler and W. F. 
Brown, Jr., A.S.T.M. Preprint 
No. 76, 1956, 15 p. 


N THE temperature range 600 to 
1000° F.—too high to allow the 
use of aluminum or titanium but not 
high enough to require the use of the 
very costly superalloys — the ferritic 
heat resistant steels may compete 
(Continued on page 130) 
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10 YEARS’ SERVICE 
at 1600 to 1800 deg. F. 


ee with impellers or rotors made of MULTIMET alloy 

circulate the atmosphere inside heat-treating furnaces 

and are exposed to temperatures from 1600 to 1800 deg. 

F. They withstand both reducing and oxidizing condi- 

tions produced during cyaniding, annealing, and nitrid- 

ing operations. Their average life is about 10 years. 
MULTIMET is one of 12 HAYNES alloys specifically 

designed for use where strength at high temperatures 

is essential. For details on properties, forms, and prices 

send for descriptive literature or con- 

tact our nearest sales office. HAYNES 

STELLITE COMPANY, Division of Union 

Carbide Corporation, General Offices 

and Works, Kokomo, Indiana. Sales 

Offices in Chicago, Cleveland, Detroit, 

Houston, Los Angeles, New York, San 

Francisco. 


Designed to operate at 1800 deg. F., this impeller HAYNES STELLITE COMPANY 
has 180 blades formed from MULTIMET alloy Division of Union Carbide Corporation 

sheet. Impellers range from 12 to 48 inches in di- Kokomo, Indiana 

ameter. Furnace rotors, cast of MULTIMET alloy, 
operate at temperatures up to 2100 deg. F. 


“Haynes,” “Multimet” and “Union Carbide” are registered trade-marks of Union Carbide Corporation. 
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Induction Hardening of 
Bearing Surfaces 


Digest of “Induction Harden- 
ing as a Means of Increasing 
the Resistance to Wear of Inter- 
nal Combustion Engines and 
Machinery”, by G. W. Seulen, 
Metal Treatment and Drop 
Forging, Vol. 23, August 1956, 
p. 305-310. 


N MANY INSTANCES the induction 

hardening process is replacing the 
processes of carburizing, nitriding 
and flame hardening for improving 
the wear resistance of bearing 
surfaces. 

Resistance to electric currents 
which are induced into the surface 
causes heating; when suitable tem- 
peratures are reached, the part is 
quenched, and the surface attains 
a high degree of hardness. 

Penetration of the energy is re- 
lated to frequency, density of cur- 
rent, time of heating, and properties 
of the material. For example, an 
increase in the heating time with a 
reduction in the density results in 
an increase in the depth of harden- 
ing due to heat flow by conduction. 
Other factors which increase the 
depth of penetration are the increase 
in electrical resistance and the de- 
crease in magnetic permeability 
which occur with rising tempera- 
tures. The current steadily shifts to 
layers beneath the surface. 

Thin-walled sections can be only 
shallow hardened if they are to 
retain adequately tough core mate- 
rial. However, deep hardened zones 
are necessary to withstand heavy 
bearing pressures. 

The carbon content of steels used 
for induction hardening varies from 
0.35 to 0.55%. Below this range 
adequate hardness cannot be pre- 
duced and above it there is a 
greater risk of cracking. Alloys are 
used to increase hardenability and 
improve the physical properties of 


128 


the core. Since the heating time is 
rarely more than a few seconds, a 
structure which will permit rapid 
carbide solution is necessary. How- 
ever, the high temperatures permit 
the use of slightly sluggish structures 
without the danger of increasing 
grain size. Normalizing is often 
necessary to produce desired physi- 
cal properties in the core. 

Depending upon the shape and 
size of the parts being treated, the 
induction hardening method may 
be “static” or “progressive”. With 
“static” hardening the entire sur- 
face is heated and quenched at one 
time. In the “progressive” method 
(generally applied to long objects) 
a narrow band is heated and moved 
along the length of the part; quench- 
ing follows the inductor. Rotation 
of the part is desirable during heat- 
ing to obtain uniformity. Occasion- 
ally inductors which _ partially 
surround a bearing and through 
which the part is rotated are neces- 
sary; rotation is then essential in 
order to bring the entire surface up 
to hardening temperature. Rota- 
tion to assure a uniform quench 
is recommended — this avoids soft 
spots. Rotation during the progres- 
sive hardening process also keeps 
In fact, 
if the parts are processed horizon- 
tally, rotating is absolutely necessary. 

To use available electric capacity 
to its fullest extent, select equipment 
to use a frequency which will be 
satisfactory under the shortest time 
cycle applicable. In general, low 
frequency is used for deep harden- 
ing and high frequency for shallow 
hardening. 

In addition to the static and pro- 
gressive methods, a “linear” tech- 
nique is used when treating exten- 
sive continuous 


distortion at a minimum. 


surfaces. For 
example, the wearing surface of a 
railroad wheel can be rotated slowly 
past a specially designed inductor 
which will progressively heat and 
quench a narrow area across the 


This linear method causes 
an overlap of lower hardness at the 
starting point. The size of this 
zone is determined by the construc- 
tion of the inductor and the design 
of the quench head. This technique 
is not suitable for crank pins and 
parts which require complete sur- 
face hardening. 

Water is generally employed for 
quenching; however, oil-water mix- 
tures and conventional quenching 
oils can also be used. 


surface. 


In progres- 
sive hardening processes, the use 
of oil creates a fire hazard due to 
the accumulation of oil vapor. 

When designing parts to be in- 
duction hardened, abrupt changes 
of section should be avoided when- 
ever possible, the wall thickness of 
thin sections should be as regular as 
possible, collars and shoulders 
should have liberal radii, and holes 
and grooves should be well finished 
on the edges. 

Since the induction hardening 
process can be performed essenti- 
ally in the final production line, 
induction hardening equipment as 
produced today 
machine tool. 


is essentially a 


H. B. Ossorn, Jr. 


Stress-Rupture of Heat 
Resistant Alloys 


Digest of “Notch and Smooth 
Bar Stress-Rupture Character- 
istics of Several Heat Resistant 
Alloys in the Temperature 
Range Between 600 and 1000° 
F.”, by J. G. Sessler and W. F. 
Brown, Jr., A.S.T.M. Preprint 
No. 76, 1956, 15 p. 


N THE temperature range 600 to 
1000° F.— too high to allow the 
use of aluminum or titanium but not 
high enough to require the use of the 
very costly superalloys — the ferritic 
heat resistant steels may compete 
(Continued on page 130) 


METAL PROGRESS 


GLE 
SS <> 
Sw 
WV 
ib 
~ SS 
S 
4 
Sie 
i, 


Designed to operate at 1800 deg. F., this impeller 
has 180 blades formed from MULTIMET alloy 
sheet. Impellers range from 12 to 48 inches in di- 
ameter. Furnace rotors, cast of MULTIMET alloy, 
operate at temperatures up to 2100 deg. F. 


10 YEARS’ SERVICE 
at 1600 to 1800 deg. F. 


Was with impellers or rotors made of MULTIMET alloy 

circulate the atmosphere inside heat-treating furnaces 

and are exposed to temperatures from 1600 to 1800 deg. 

F. They withstand both reducing and oxidizing condi- 

tions produced during cyaniding, annealing, and nitrid- 

ing operations. Their average life is about 10 years. 
MULTIMET is one of 12 HAYNES alloys specifically 

designed for use where strength at high temperatures 

is essential. For details on properties, forms, and prices 

send for descriptive literature or con- 

tact our nearest sales office. HAYNES 

STELLITE COMPANY, Division of Union 

Carbide Corporation, General Offices 

and Works, Kokomo, Indiana. Sales 

Offices in Chicago, Cleveland, Detroit, 

Houston, Los Angeles, New York, San 

Francisco. 


HAYNES STELLITE COMPANY 


Division of Union Carbide Corporation 
Kokomo, Indiana 


“Haynes,” “Multimet” and “Union Carbide” are registered trade-marks of Union Carbide Corporation. 
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rapid 
short flame combustion 
...@ven on residual fuel oil 


Here is a versatile unit that gives rapid, clean combustion 
on a wide range of fuels including Bunker C, No. 6, light oil, any gas... even 
liquid organic wastes. 


Combustion is 80% completed within the burner itself 
and takes place with a whirling, short flame that attains heat release rates of 
over 1,000,000 BTU/hr per cu ft. Products of combustion are clean and 
sufficient excess air for tempering the products may be introduced through 
the burner itself without causing smoke or instability. 


standard models 


available... 


Complete units from 3,500,000 BTU/hr to 50,000,000 BTU/hr are 
available and may be fitted for steam, compressed air or mechanical 
atomization. With dual fuel arrangements switcning from gas to oil 
is accomplished without shutdown. 


———2 ignition... 


Gas-electric or torch ignition allows full ignition in a 
few seconds—even with a cold burner. 


WRITE FOR BULLETIN #111 


OTHER THERMAL PRODUCTS & SERVICES 


AVAWY////, Gas, Oil & Combination Gas-Oil Burners « Heat 
Exchangers e Air Heaters e Submerged Combustion 


e Gas Generators e Combustion & Heat Transfer 


Engineering 


THERMAL 


Thermal Research & Engineering Corp. 
CONSHOHOCKEN PENNSYLVANIA, 
REPRESENTATIVES IN PRINCIPAL CITIES 


Stress-Rupture . . . 


with the superalloys. If the tem- 
perature is low enough, the ferritic 
materials may offer certain strength 
advantages. 

Alloys are chosen to represent 
four classes of creep resistant mate- 
rials, as follows: 

1. Low-alloy steels, represented 
by 17-22 A (S). 

2. Martensitic stainless steels, 
represented by A.LS.I. 410 and 
A.M.S. 5616. 

3. Modified ferritic chromium 
stainless steels, represented by 
17-4 PH. 

4. Superalloys, represented by 
A-286 and Inconel “X”. 

Tests determined (a) _ stress- 
rupture data between 0.1 and 1000 
hr. at temperatures between 600 and 
800° F., (b) the influence of sharp 
notches on the rupture strength, and 
(c) possible strength limitations at 
moderately elevated temperatures. 

Both Inconel “X” and A-286 indi- 
cated rupture strengths which are 
essentially time independent (up to 
1000 hr.) at temperatures below 
800° F. whereas the other alloys 
showed characteristic creep behavior 
between 600 and 800° F.; Inconel 
“X” and A-286 decreased rapidly in 
strength with increasing tempera- 
ture. The other alloys had con- 
tinuously decreasing rupture strength 
with increasing temperature. Of 
these, S.A.E. 4340 and A.LS.I. 410, 
representing the low-alloy and mar- 
tensitic stainless steels, respectively, 
showed the greater decreases in 
strength with increasing tempera- 
ture. Throughout the temperature 
range considered, Inconel “X” pos- 
sessed appreciably greater strength 
than the other alloys tested, with 
A-286 somewhat lower. 

All the alloys tested showed notch 
sensitivity over the temperature 
range where creep is well developed. 
Inconel “X” and A-286 show some 
notch sensitivity even at tempera- 
tures where creep is negligible. In- 
conel “X” and 17-22A (S) showed 
somewhat similar behavior in that 
the notch-strength ratio curves ex- 
hibited minima at progressively 
lower temperatures as the time-to- 
rupture increased. For Inconel “X” 
and A-286, a fully notch-ductile 
condition was not completely ob- 
tained at these moderately elevated 

(Continued on page 132) 
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TEST PROVES QUENCHOLS 
HIGHER COOLING POWER! 


10-MINUTE DEMONSTRATION 


Compare any oil you now use with Sinclair 
QUENCHOL 521 in just 10 minutes! Right 
in your office or plant, Sinclair’s new 
Quenchol Demonstrator will give you an 
accurate comparison of relative cooling 
power .. . show you how QUENCHOL can 
save money in your quenching operations! 


A TYPICAL TEST SHOWS THESE RESULTS: 


OILS COMPARED 


COOLING POWER’ ROCKWELL C HARDNESS 


(SAE 1045 STEEL) 


Competitive Oil A 576 23.5 
Competitive Oil B 729 39.0 
Competitive Oil C 1024 41.0 


QUENCHOL 521 1369 54.5 


*Based on a recognized formula for determining relative cooling power 
value. Measured as the square of the current (l2max.) as recorded by 
Quenchol Demonstrator. 


ACTUAL PRODUCTION TOO...PROVES QUENCHOL SUPERIORITY ! 


In numerous production tests, QUENCHOL 521 has demonstrated its far superior 
quenching ability. All users report better results in the degree, depth, and uniformity 
of hardnesses obtained. Steels have included SAE 1035, 1040, 4140, etc. In many 
cases the superior results have been obtained while inereasing working loads! More- 
over, QUENCHOL’Ss high sludge resistance, low acid formation characteristics and high 
quenching reserve keep it from deteriorating . . . extend QUENCHOL’s amazing cooling 
power with longer service life! 


For your own demonstration of QUENCHOL efficiency, and for more technical infor- 
mation on its properties, call your local Sinclair Representative . . . or write to 
Sinclair Refining Company, Technical Service Division, 600 Fifth Avenue, New 
York 20, N. Y. There’s no obligation. 


METAL WORKING OILS 
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Stress-Rupture . . . 


temperatures. A large notch sensi- 
tivity developed in a very short 
time-to-rupture at temperatures ap- 
proaching the lower limit of the 
creep range. 

Higher strength levels in the fer- 
ritic steels were obtained by increas- 
ing the austenitizing temperature 
and decreasing the tempering tem- 
perature. This procedure followed 
with 17-22 A (S) gave an increase 
in 1000-hr. rupture strength of about 
15% which made it about the same 
as that of A-286. The change in 
heat treatment did, however, result 
in severe notch weakening. 


It thus appears that notch sensi- 
tivity in ferritic steels is increased in 
magnitude and shifted to lower 
temperatures by heat treatments that 
increase the strength. Similar effects 
might be expected if the alloy con- 
tent of hardening elements were 
increased, 

Structural steels, for example 
S.A.E. 4340, may be heat treated to 
high strength levels with high rup- 
ture strength below 600° F. At 
higher temperatures, the rupture 
strength decreases rapidly due to 
lack of stability. Inconel “X” ex- 
hibits the greatest strength and sta- 
bility (of those tested) between 600 
and 1000° F. Alloy A-286 shows 
similar stability but lower strength 


How To Eliminate Spoilage 
In Your Tool Hardening 


Scale, decarburization, carburization — all these three costly types 
of spoilage are due to your furnace atmosphere. But they do not 
occur in Sentry Model Y Furnaces because the Sentry Diamond 
Block Atmosphere is truly neutral for all steels hardening above 
1700°F. It is the correct atmosphere for hardening tungsten high 
speed steel, it is the only satisfactory atmosphere for hardening 
cobalt and molybdenum steels. Your simple, sure method of elim- 
inating spoilage is to install a Sentry Furnace! 

For details, consult our catalog. You will find it packed with cost- 
saving, quality-improving information about Sentry equipment — 
a guide to better heat treating, giving best answers to your tool 
hardening problems. Send for it today. 


entry 


TRADEMARK 


Request Catalog C-33 * Write THE SENTRY CO., FOXBORO, MASS. 


over the same temperature range. 
For temperatures up to 800° F., the 
modified ferritic steels and 17-4 PH 
are competitive with A-286. At 
moderately elevated temperatures, it 
appears that by increasing the hard- 
ness the rupture strength of normal- 
ized and tempered ferritic steels can 
be improved at the expense of in- 
creasing the notch sensitivity. 
C. O. SmitrH 


Liquid Metal Corrosion 


Digest of “Fundamentals of 
Liquid Metal Corrosion’, by 
W. D. Manly, Corrosion, Vol. 12, 
July 1956, p. 46-52. 


N ORDER TO DEFINE the destruc- 

tion of a solid metal by a liquid 
metal as corrosion, the conventional 
definition must be broadened to 
allow for the solubility of a solid 
metal in a liquid metal wherein no 
transfer of electrons is 
metal 
chiefly upon the solution rate and the 
extent of solubility of the solid metal 
in the liquid metal. However, many 
complicating factors can influence 
the solution rate or the attainment 
of a solubility limit. 


involved. 
corrosion 


Liquid 


depends 


The formation 
at the alloy surface of intermetallic 
compounds and oxide or nitride films 
are good examples of such factors. 
In addition, impurities in the liquid 
metals frequently increase the solu- 
tion rate. Still other factors are 
temperature gradient, and multi- 
metallic systems which can cause 
increased attack because of mass 
transfer of material under the driving 
forces of the temperature gradient or 
concentration gradient. 

In this paper the following types 
of liquid metal attack are discussed: 

1. Simple solution. 

2. Alloying between liquid metal 
and solid metal. 

3. Intergranular penetration. 

4. Impurity reactions. 

5. Temperature gradient 
transfer. 

6. Concentration in gradient mass 
transfer, or dissimilar mass transfer. 

In the discussion of forms of liquid 
metal corrosion, the simple solution- 
type attack is described as uniform 
removal of metal from the surface to 
saturate the liquid metal. From 
available equilibrium diagrams of 
liquid metal-solid systems, one can 
ascertain and predict the extent of at- 
tack that will occur as a result of 


mass 
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Here’s where hollow parts makers 
can find new savings 


F YOU'RE boring out bar stock to make hollow 
parts, you can save money, time and steel. Start with 
Timken” seamless steel tubing because: 


1. YOU SAVE THE COST OF DRILLING; the hole’s 
already there. Finish boring becomes your first pro- 
duction step. 

2. YOU SAVE MACHINE TIME by eliminating this 
costly, original boring operation. You free screw 
machine capacity for other jobs, increase machining 
stations without adding machines. 

3. YOU SAVE STEEL BY WASTING LESS and using 


more of the steel you buy. You get more parts per ton 
of steel, because there’s less metal to hog out. 


And you get finished parts of better quality from 
Timken seamless steel tubing. We forge a solid round 
over a mandrel, thoroughly working the metal inside 
and out. This rotary piercing operation gives seamless 
tubing its fine forged quality and unvarying spiral grain 
flow. Precise control of temperature and piercing 
speed helps assure you of uniform quality from tube 
to tube, heat to heat, order to order. 

To save even more steel, have our engineers recom- 
mend the one most economical tube size for your 
hollow parts job. We'll guarantee it to clean up to 
your finish dimensions. The Timken Roller Bearing 
Company, Steel and Tube Division, Canton 6, Ohio. 
Cable address: ““TIMROSCO”,. 


Fine 
Alloy 


SPECIALISTS IN FINE ALLOY STEELS, GRAPHITIC TOOL STEELS AND SEAMLESS STEEL TUBING 


MARCH 1958 


133 


3 
> 
SAO = 

| - 


CKOFF 
STEELS 


YOUR LOCAL STEEL 
SERVICE CENTER !S 
YOUR LOGICAL AND 
ECONOMICAL SOURCE 
OF SUPPLY FOR QUAN- 
TITIES UNDER SIX 
THOUSAND POUNDS. 


YCKOFF STEEL COMPANY 
GENERAL OFFICES: Gateway Center, Pittsburgh 30, Pa. 
Branch Offices in Principal Cities 
Works: Ambridge, Pa., Chicago, lil., Newark, N. J., Putnam, Conn. 


and GROUND SHAFTING - WIDE FLATS 


Liquid Metal . . . 


simple solution in a static system. 
However, such information gives no 
bearing on the rate at which the solu- 
bility limit is achieved. Thus, in 
simple solution attack, the ultimate 
amount of damage the solid metal 
will receive depends on the ratio of 
metallic surface area to liquid vol- 
ume of the systems, but the rate at 
which the attack occurs can be in- 
fluenced greatly by other variables 
such as impurities in the system. 

For alloying action to occur be- 
tween liquid metals and solid metals, 
there must be some solubility of the 
liquid metal and the solid metal. 
In some cases, the liquid metal dis- 
solves considerably in the solid metal 
with the formation of an intermetal- 
lic compound. Thus sodium will 
penetrate solid copper at the grain 
boundaries and will form an inter- 
metallic compound which is con- 
siderably harder than the base metal. 

Another of the more serious types 
of liquid metal corrosion is inter- 
granular penetration brought about 
by the selective removal of one con- 
stituent from an alloy. In liquid 
metals, impurities such as oxygen, 
nitrogen, and carbon often have a 
very significant effect upon the rate 
of attack. In some cases, the whole 
mode of attack can be changed be- 
cause of the effect of impurities on 
surface tension or because of the 
reactivity of the impurity. 

The most damaging type of liquid 
metal corrosion is temperature gra- 
dient mass transfer. The uniform 
removal of a slight amount of a con- 
tainer wall will not adversely affect 
its load carrying abilities; however, 
the collection of this material in the 
colder regions of heat exchanger 
tubes as dendritic crystals may 
eventually cause plugging and ces- 
sation of flow. When there is a 
selective removal of one element 
from an alloy, atoms of the element 
removed must diffuse to the surface 
and then pass into solution. These 
atoms must then diffuse through the 
lamellar layer into the liquid stream 
and finally be carried to the cold por- 
tion of the systems where super- 
saturation will occur. A collection 
of such atoms will form a nucleus 
that will grow to stable size and then 
separate from the liquid. On the 
other hand, the atoms may super- 
saturate close to the wall, diffuse 
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Request Bulletin 
126-A containing 
complete information 
and specifications on 
Spencer Blowers. 


SPENCER 


OTHER QUALITY 
SPENCER PRODUCTS 


MARCH 1958 


On original equipment . . . or for replacement . . . men 
who know metals specify SPENCER Blowers. 

This Drever heat treating line — largest of its type in 
the world (capacity: 21% tons of plate per hour)—vtilizes 
a total of 26 Spencer Blowers. The hardening furnace 
(charging end shown above) is equipped with 11 Spencer 
Blowers ranging from 200 to 4,100 C.F.M.; the tempering 
furnace has 15 Spencer blowers delivering from 450 to 
1,900 C.F.M. 

Rugged reliability . . . simple construction . . . assured 
uniform pressure at varying volumes . . . mounting that 
requires no special foundation — these are a few of the 
reasons why SPENCER IS PREFERRED. 


STATIONARY PORTABLE 7. PNEUMATIC 
VACUUM vacuUM CONVEYING 
SYSTEMS CLEANERS SYSTEMS 


| 
| Reliable 
= SPENCER 
Blowers 
= 
iy 
TURBINE COMPANY. 
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up to 
2600° F. 


uniform 
temperature 
distribution 


pore 


rigid” 
zone control 
+3° F. 


MARSHALL 
Might 
FURNACES 


F | JRNACES Write today 
for complete literature 


| 


Marshall's tubular, shunt-type laboratory furnaces are 
compactly designed to apply electrical heat up to 
2600°F. under exact control. They are widely used 
as components of machines for tensile, stress-rupture 
and fatigue testing of metals, ceramics and cermets; 
also for creep testing metallic alloys. 


Marshall’s control panel regulates the amount of heat 
developed in the whole unit. Accurately spaced, prop- 
erly anchored furnace coils maintain uniform tempera- 


ture distribution. Test duration may range from 
moments to 10,000 or more hours. 


Rigid control to + 3°F. at any point inside the furnace 
is easily achieved. Many experienced operators of 
Marshall furnaces report temperature can be held to 
+ 1°F. Shunted resistances, co-ordinated with the con- 
trol panel, provide the extremely accurate zone- 
by-zone temperature control. Standard models are 
available with inside diameters from 1” to 6” or 
more, and from 1212” to several feet long. Custom 
models are developed to meet special needs. 


270 W. LANE AVENUE 


COLUMBUS 2, OHIO 


Liquid Metal 


through the lamellar layer, and then 
nucleate on the metallic wall and 
form dendritic crystals or diffuse in- 
to the wall. As yet the exact nature 
of the rate-controlling steps in tem- 
perature gradient mass transfer have 
not been fully determined. 

Another form of mass transfer is 
termed dissimilar metal mass trans- 
fer or concentration gradient mass 
transfer. A schematic concept of the 
manner in which this type of attack 
takes place may be described as fol- 
lows: Metal A and Metal B are in 
simultaneous contact with liquid 
metal. Atoms of Metal A go into 
solution and move to the surface of 
Metal B either by diffusion or by 
movement of the liquid. When 
these atoms of A reach the surface of 
metal B they come out of solution, 
alloy with metal B, and diffuse in- 
ward. The driving force for dis- 
similar metal transfer is the decrease 
in free energy achieved through the 
alloying of the two metals. The 
larger the difference between the 
chemical potentials of A and B in the 
two solid phases, the greater will be 
the driving force for the occurrence 
of mass transfer. 

A number of variables or rate 
factors affecting liquid metal cor- 
rosion are also discussed. Tempera- 
ture, for example, is one of the most 
important because the 
higher the temperature, the higher 
the solubility of the solid metal in 
the liquid metal. Furthermore, 
when a temperature gradient exists 
in a liquid metal system, the differ- 
ence in solubility of the dissolved 
metal in the liquid metal between 
the hot and cold parts of the system 
gives rise to temperature gradient 
mass transfer. 


variables 


Cyclic temperature 
fluctuations are sometimes helpful 
in explaining apparently erroneous 
static corrosion results. For exam- 
ple, under supposedly isothermal 
conditions in a poorly controlled 
furnace, the liquid metal-solid metal 
interface temperature can fluctuate 
quite appreciably around the mean 
temperature, thus setting up small 
but definite temperature gradients 
with resultant mass transfer effects. 

The ratio of surface area of solid 
metal to the volume of liquid metal 
is frequently a controlling factor in 
the amount of corrosion experienced 
in a liquid metal system. This is 
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This ruggedly-built Salem- 
Brosius trailer is ideal for 
in-plant steel and material 
transfer, 


Salem-Brosius is the lead- 
er in auto floor charging 
machines for heating and 
melting furnaces. 


Cutaway detail of nine-foot diameter 
rotary hearth furnace now in use heat- 
ing small parts for forging. 


- good reasons why 
this Salem-Brosius furnace 
should be in your shop 


Manufacturers of parts for aircraft, automobiles, machinery, home appli- 
ances and a host of other products find this Salem-Brosius rotary hearth 
furnace best suited to their metal heating needs for the following reasons: 

Uniformity of heating: Burner positioning and hearth movement 
guarantee uniformly heated work—piece after piece—day after day. 

Continuous heating of odd shapes: Odd shapes and sizes are heated 
continuously becquse they are not moved after positioning on the hearth 
until they are discharged. 

Automatic clearing of furnace: Furnace is emptied of work auto- 
matically. No dummy loads are required to empty or fill furnace. 


Low operating cost: Fuel efficiency, low maintenance and efficient 
use of plant floor space reduce production costs. 


CARNEGIE, PENNSYLVANIA 
in Canada: Salem Engineering Limited * 1525 Bloor Street West, Toronto 9, Ontario 


SPECIAL MECHANICAL EQUIPMENT INDUSTRIAL HEATING FURNACES MATERIALS HANDLING EQUIPMENT 
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Model 2400 AO Desk-Type Metallograph 
Metal Research Laboratories 


Electro Metallurgical Company, 
Niagara Falls, New York 


Division of Union Carbide Corporation 


You can count on the AO Metallograph, day in and day out, to produce! Pour on 


the work! It never balks.. 


.a real workhorse. Users are unanimous in their praise. 
“Accurate results everytime; fast and easy,” 


sums up their comments. Check these 


features that make the AO Metallograph unequalled for quality, versatility, con- 


venience and SPEED! 


@® Top optical and mechanical 
quality 

@® Simultaneous visual and pho- 
tographic focus 


@® Quadruple revolving objective 
turret 

@® Multiple photographic eye- 
piece carrier 


@ Compact...sturdy...self con- 
tained console design 


® Brightfield, polarized, phase, 
oblique illumination 


@ Calibrated resultant magnifi- 
cations 


@® Automatic motor-driven car- 
bon arc 


® Graduated rotatable stage 


\ i cond me complete information on AO 
Metallographs. 


ADDRESS 


INSTRUMENT DIVISION, BUFFALO 15, NEW TORK CITY. 


ZONE_____STATE 


Liquid Metal 


true since the metal will corrode 
sufficiently to saturate liquid metal 
at the operating temperature. Thus 
as the ratio of surface area to volume 
decreases the amount of corrosion 
increases. In many cases, purity of 
the liquid metal can have a quite 
substantial effect on the rate at which 
the solubility limit is reached and 
can also markedly affect the wetting 
tendency of the liquid metal on the 
solid metal. The remaining factors, 
dealing with flow velocity, and con- 
dition of the container materials are 
less critical in controlling corrosion 
effects but each must be understood 
and considered. 

For successful containment of 
liquid metals, the amount of im- 
purities such as oxygen, nitrogen, 
and carbon must be carefully con- 
trolled. Further work in the field 
of liquid metal corrosion must be 
directed toward increasing the under- 
standing of the rate-controlling steps 
of dissimilar metal mass transfer and 
temperature gradient mass transfer. 
When these have been accomplished, 
corrective measures can be taken to 
keep these types of corrosion to a 
minimum. W. W. Austin 


Gas Turbine Blades for 
2200° F. Service 


Digest of “The Development 
of Refractory Nozzle Blades for 
Use in High-Temperature Gas 
Turbines”, by T. H. Blakeley 
and R. F. Darling, presented 
before the North-East Coast 
Institution of Engineers and 
Shipbuilders (Great Britain), 
Feb. 8, 1957: Digested in The 
Engineer, Vol. 203, Feb. 15, 
1957, p. 251-252. 


HIS PAPER is a summary of previ- 

ous papers published by the same 
authors in The Engineer in August 
and October 1955, and July 1956. 
The main problem under discussion 
is the development of materials for 
gas turbine nozzle blades operating 
at 2200° F. and higher. The authors 
assume that in such a high-tempera- 
ture turbine the rotating blades will 
be cooled and only the nozzle vanes 
would have to withstand the tem- 
perature. An experimental single- 
stage turbine operating at 2200° F. 
was designed, the nozzle vanes being 
supported at both ends to reduce 
stresses and simplify the mounting. 
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@ A cylindrical induction coil supplied with ordinary 60 cycle current in- 
duces heat and vigorous electromagnetic stirring in the molten metal 
charge. 


Integrated electric controls regulate power, maintain high power factor 
automatically. 


Monolithic refractory linings are made by ramming against the sturdy 
water-cooled coil held in a rigid frame of magnetic and structural steel. 


This new principle was perfected in Europe over the last seven years. Over 
100 Junker furnaces are now in use. AJAX-JUNKER designs are based on 
latest experience, using American components and practices throughout. 


Outstanding results are proven in these fields: 
DUCTILE and ALLOY IRON CASTINGS 
RECOVERY OF IRON TURNINGS 
RECOVERY OF ALUMINUM SCRAP 


rns rg saad Available sizes range from 1 to 10 tons, with normal melting cycles from 


with Yo 2 to 4 hours. Power ratings are 200 kw through 1500 kw. 


60 CYCLE INDUCTION MELTING 


ENGINEERING CORPORATION 


TRENTON 7, NEW JERSEY 


Associated Companies: Ajox Electrothermic Corporation Ajox Electric Compony 
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When keavy chrome-moly welds 
must pass X-Ray Inspection 


Job Report Courtesy of American 
Pipe and Steel Corp., Alhambra, Collif. 


CHROME-MOLY ELECTRODES 


In setting up this job—fabricating heavy alloy components of lead 
melting pots—new welding procedures were required to assure 
that all welds would pass x-ray inspection. With the help of Arcos 
Technical Service, both manual and submerged arc procedures 
were established and ARCOS Electrodes and Rods were used 
exclusively. The quality of Arcos weld metal consistently assures 
internally sound, flaw-free welds. And Arcos Technical Assistance 
prevented problems on what could have been a “‘tricky’’ job. 
ARCOS CORPORATION, 1500 S. SOth St., Philadelphia 43, Pa. 


Turbine Blades . . . 


The most drastic thermal shock con- 
ditions were achieved by reducing 
the gas temperature abruptly from 
2200 to 1000° F. The resistance of 
aluminum blades to thermal shock 
was unsatisfactory. Zircon-chrome 
blades resisted 10 to 12 thermal 
shocks. Under steady state condi- 
tions at 2200° F., yielding and creep 
took place after 80 to 150 hr. of 
service; eventually the blades rup- 
tured. Blades composed of 75% 
chromium, 25% aluminum oxide 
alloy had excellent thermal shock 
properties but had __ insufficient 
strength at high temperature to pre- 
vent excessive creep. Finally a self- 
bonded silicon carbide body was 
developed; blades made of this 
material gave excellent results in 
both thermal shock and _high- 
temperature creep tests. After a 
total running time of 363 hr. at 
2200° F., the blades showed very 
little damage. Although the final 
tests in an actual turbine were not 
completed at the time the paper 
was written, the authors feel confi- 
dent that a satisfactory silicon car- 
bide material can be developed for 
stator blades operating at 2200° F. 
Pot Duwez 


Influence of 
Understressing on Fatigue 


Digest of “The Influence of 
Understressing on the Fatigue 
Properties of Flake Graphite 
and Nodular Graphite Cast 
Irons”, by G. N. J. Gilbert and 
K. B. Palmer, Journal of Re- 
search & Development, British 
Cast Iron Research Assoc., Vol. 
6, December 1956, p. 410-421. 


FATIGUE TEST specimen subjected 

to cycles of stress at or below the 
fatigue limit is considered to be 
understressed by definition of the 
term. Some investigators hold the 
view that understressing will 
strengthen a metal or alloy and raise 
its fatigue limit, the amount depend- 
ing upon the material under test. 
The method of finding the effect of 
understressing on fatigue properties 
most widely used involves increasing 
the level by a series of small in- 
crements until fracture occurs. 

Some time ago an understressing 
test was carried out at the British 
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Cast Iron Research Assoc. on a 
flake graphite cast iron. The original 
fatigue limit was not found to change 
after understressing at the fatigue 
limit for 20,000,000 cycles. This 
information was not published since 
it appeared to contradict the results 
of other workers. A series of tests 
on pearlitic and ferritic flake and 
nodular cast irons was _ therefore 
planned, and the current report 
gives the results. 

The ferritizing heat treatment used 
for the flake and nodular irons was 
8 hr. at 900° C. (1650° F.), followed 
by furnace cooling to 690° C. 
(1270° F.) where the batch was held 
for 24 hr. prior to furnace cooling to 
room temperature. 

The fatigue tests were carried out 
on Woehler-type machines built at 
the institute using standard dimen- 
sions for the specimens. 

It was found that the pearlitic 
flake graphite material had an un- 
usually high tensile strength for an 
unalloyed iron to begin with and 
therefore exhibited a correspondingly 
high fatigue strength. After under- 
stressing, no significant effect on the 
fatigue properties of the pearlitic 
and ferritic flake and nodular irons 
tested could be noted. Likewise, 
the shapes of the fatigue curves were 
not appreciably altered. In other 
words, not only did the fatigue limit 
remain constant after understressing 
but the fatigue life at stresses over 
the fatigue limit was unaffected. 

Other investigators have previous- 
ly reported increases in fatigue limit 
in excess of 30% due to under- 
stressing, and in view of this the 
results obtained at the British Cast 
Iron Research Assoc. are rather 
surprising. Hans HEINE 


Refractory Oxide 
Coatings 


Digest of “Characteristics of 
Refractory Oxide Coatings Pro- 
duced by Flame Spraying’’, by 
Neil N. Ault, Journal of the 
American Ceramic Society, Vol. 
40, March 1, 1957, p. 69-74. 


ecAusE of their high melting 
points, refractory oxides cannot 
be fused on the metal in a furnace. 
The technique used consists of in- 
troducing the oxide into a high- 
temperature flame, melting it and 
projecting the molten droplets on 
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More proof...how to get consistent 
results from submerged arc welding 


Courtesy of CF Braun & Co 
Engineers ond Constructors, Alhambra, California 


STAINLESS COILED WIRE 


Unfailing strength and resistance to corrosion at elevated temper- 
atures are vital in the welds of this massive 14 ft. diameter, 30 ft. 
long catalyst pressure vessel. All seam welding of the 1“;, Chrome 
16°, Moly plate was submerged arc welded with Arcos Chromar 
welding quality wire. Arcos Chromar wire—like every Arcos 
filler metal product—can be used with confidence on the most 
critical jobs. Start with Arcos and be sure of uniform dependable 
weld metal—from start to finish, ARCOS CORPORATION, 1500 
South 50th Street, Philadelphia 43, Pa. 
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Oxide Coatings . . . 


the surface of the metal to be coated. 
The refractory oxide can be intro- 
duced as a powder or in the form of 
a solid rod. The author used the 
solid rod technique. A _ cylindrical 
rod about % in. in diameter is fed 
into an especially designed torch 
(acetylene-oxygen ) at a rate of 
about 5 to 10 in. per min. As the 
rod melts, compressed air at a pres- 
sure of 80 psi. projects the molten 
particles on the metallic surface. 
This method is not applicable to all 
ceramic compounds. According to 
the author, a limiting factor in de- 
termining the suitability of a com- 


pound is that it should melt in the 
flame and must not volatilize. The 
reviewer believes that a still more 
important factor is the chemical re- 
activity of the compound with the 
high-temperature flame. An acety- 
lene-oxygen flame is generally highly 
oxidizing and if compressed air is 
used for projecting the liquid parti- 
cles onto the metal surface, the 
chances for oxidation are still 
greater. It is therefore not surpris- 
ing to read in the paper that silicon 
carbide cannot be _ successfully 
sprayed. In addition to the dissocia- 
tion of silicon carbide at high tem- 
perature, its reaction with oxygen 
cannot be overlooked. It is quite 
obvious that a compound which does 
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not dissociate at high temperature 
but reacts with oxygen cannot be 
successfully sprayed by the tech- 
nique described by the author. 
Three of the most important 
coatings for practical applications 
are discussed at length, 
aluminum 


namely 
oxide, zirconium oxide 
and zirconium silicate. When alum- 
inum oxide is sprayed on a metallic 
surface, the structure of the coating 
is that of gamma alumina. A coat- 
ing approximately 0.017 in. thick has 
a bulk density of 3.38 to 3.35 and 
hence the total porosity is between 
9.7 and 7.6%. The structure of the 
coating is laminar, because it is built 
up of flattened droplets of molten 
alumina. The thermal conductivity 
of the coatings decreases with in- 
creasing temperature from about 
0.012 to 0.007 cal./sec./°C./em.* 
between 175 and 1050° C. (350 
and 1920° F.). The mechanical 
properties of the coating could not 
be measured on the coating itself 
which is too thin for this purpose. 
Thick coatings were prepared on 
graphite as a substrate and the 
modulus of rupture measured on 
bars 3% in. long and '% in. wide was 
between 3700 and 5500 psi. 

In coatings made of zirconium 
oxide, rods of lime-stabilized zirconia 
were used in the torch. Zirconia 
coatings are laminar, but the lami- 
nations are not as well defined as in 
the case of alumina. The _ bulk 
density is about 5.2, aud the total 
porosity is 8.9%. Aithough the cal- 
cium oxide content of the zirconia 
was not sufficient to stabilize the 
oxide inte the cubic form, the struc- 
ture ef ine coating was found to be 
100% cubic zirconia. After reheating 
the coating, however, a fraction of 
zirconia reverted to the monoclinic 
form, as shown very clearly by the 
thermal expansion measurements 
described by the author. No ther- 
mal conductivity nor strength data 
are given for the zirconia coatings. 

Coatings made of zirconium sili- 
cate (zircon) present less lamina- 
tion than either alumina or zirconia 
coatings. The structure of the coat- 
ing is glassy and X-ray diffraction 
patterns were very diffused; the 
author interpreted these patterns as 
a proof of the presence of cubic 
zirconia. The fact that zirconium 
silicate decomposes before melting 
is in agreement with the accepted 
ZrO,-SiO, phase diagram. It is 
surprising, however, to find the cubic 
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DO YOU NEED 
BETTER METAL CLEANERS 
FOR THESE JOBS? 


All the tough jobs are covered by Oakite’s booklet on 
“Cleaning and preparing metal in aircraft production.” 
Just check this list of contents for reminders of opera- 


tions that give you trouble: 
SEE PAGES 


C] Cleaning aluminum (with or without etching) 2 


] Preparing aluminum for welding 


[] ChromiCoating aluminum before painting 


[] Stripping paint from aluminum, steel 


C] Barrel finishing aluminum, steel, copper 


Cleaning magnesium 


Ss Cleaning steel; derusting and descaling 


[] Preventing rust 


C] One-operation preparation for painting 


C] CrysCoating steel before painting 


J Cleaning copper and its alloys 


[] Controlling water in paint spray booths 
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exacting standards. More than 100 special and stan- 
dard alloy analyses are produced each year. 
The alloy list above is typical of production “reg- 
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heat treating procedures to assure the desired physi- 
cal and chemical properties in your final product. 
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personal copy of Cannon-Muskegon's 6-page 
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What’s your problem... 


JOB LOT OR PRODUCTION HEAT TREATING? 


Here is the furnace that brings in-line production to 
controlled atmosphere heat treating. In the same 
basic, compact, heat treating unit, work loads flow 
with automatic in-line movement from the loading 
platform . . . through the preheat chamber . . . to 
the heating chamber . . . into the quench . . . out 
through the discharge door . . . and then, if desired, 
on through washing and tempering units. 


Total time required for heat treating is substantially 


reduced, work handling is cut to a minimum, and 
production costs are reduced. 

Ipsen ‘straight-through heat treating units are suit- 
able for job lot, semiautomatic, or 100% automatic 
production . . . they're equally efficient as multipur- 
pose units for a wide variety of applications in a heat 
treating department . . . or for a single heat treating 


function in an automated production line. 


HEAT TREATING UNITS 


following 
page shows 
floor plans 


for both job lot 
or continuous 
installations 
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HERE’S HOW YOU CAN ARRANGE 
“STRAIGHT-THROUGH” FURNACES 
FOR DIFFERENT PRODUCTION REQUIREMENTS 


This arrangement includes an Ipsen Washer unit, an 
automatic ''straight-through'’ heat treating unit, and 
a tempering unit installed side by side. Two transfer 
cars operate on crosstracks which connect the three 
units at both the charge and discharge ends. 
Loaded work tray enters the washer . . . emerges 
from the discharge end to the transfer car which 
moves the tray to the charging end of the heat 
treating unit. Tray then enters the work chamber of 
the heat treating unit . . . passes from the discharge 
end to the transfer car, then back to and through the 


SC ee washer. The next transfer is into the tempering unit, 
straight-through” heat treating unit 


Ipeen and the work is ready for the next step of manufacture. 


are zs. Automatic control of time, temperature, and at- 
ne mosphere . . . plus the ‘'straight-through"’ job lot 

processing features of Ipsen automatic heat treating 


units offer definite advantages over conventional 


in-and-out’ job lot type equipment. 


I psen “straight-through” Ipsen automatic advancer Ipsen washer Ipsen tempering unit 
heat treating unit 


This is a completely automated installation. Special Production flow is 100% automatic . . . continuous 
Ipsen-designed mechanisms receive the loaded work and uninterrupted. This type of heat treat line fits 
trays, move them into the furnace work chamber .. . directly into an automated production line. Similar 
later transfer them from the discharge end of the heat “straight-through,” automatic, heat treating lines can be 
treating unit to a washer . . . then from the washer to installed in straight, L, U, W, or O-shaped arrangements 
the tempering unit . . . and finally out of the tempering to suit the requirements of your plant. 

unit to the next processing point. 


HEAT TREATING UNITS 


IPSEN INDUSTRIES, INC. 723 S. MAIN STREET ROCKFORD, ILLINOIS 


Hi: for job lot production: 
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Oxide Coatings . . . 


form of zirconia instead of the mono- 
clinic form in the coating. 

The bulk density of the coating is 
about 3.79, with a total porosity of 
8.8%. There are relatively more 
closed pores in the zircon coatings 
than in both the alumina and zir- 
conia coatings, and this is in agree- 
ment with the glassy nature of the 
coating which is the result of the 
presence of silica glass. After reheat- 
ing the coatings to about 1500° C. 
(2730° F.) while making thermal 
expansion tests, the structure re- 
verted to the monoclinic form of 
zirconia, as shown by a very dras- 
tic change in length during cooling. 
The presence of monoclinic zirconia 
was confirmed by X-ray diffraction 
measurements made on the speci- 
mens used for the thermal expansion 
tests. Pot Duwez 


Chevron Patterns in 
Steel Fractures 


Digest of “The Study of 
Fracture Surface Markings”, by 
C. F. Tipper, Journal of the 
Iron and Steel Institute, Vol. 
185, January 1957, p. 4-9. 


HE FRACTURE surfaces of brittle 

failures in structural mild steel 
always contain some degree of the 
so-called “chevron pattern”, with 
this pattern having some resemblance 
to that appearing on the fracture 
surfaces of crystals, glass and plas- 
tics. The explanation of many of 
these markings is based on the as- 
sumption that separate fractures, 
initiated at several points, unite to 
give complete fracture. There is 
also evidence that, in materials 
which undergo some plastic de- 
formation both before and during 
fracture, fracture is a discontinuous 
process. In mild steel at low tem- 
peratures, cleavage fracture is always 
associated with some plastic de- 
formation and with normal fracture 
of some crystals. 

Dr. Tipper has developed a 
rational explanation of the relation- 
ship between plastic deformation 
and crystal fracture and of the forma- 
tion of the chevron pattern. 

His evidence supports the theory 
of the discontinuous process in 
fracture propagation. The processes 
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involved in fracture propagation are 
the same, ranging from the smallest 
cracks to large-scale over-running 
cracks, and including service frac- 
tures where overlapping fractures are 
often found. If the cracks are end- 
to-end, they can unite by the simple 
process of extending into each other. 
In all other cases, however, they 
must join through breakdown of the 
material separating them, either by 
secondary cleavage in the case of 
single crystals or by shear. The 
usual mode of breakdown is shear 
failure of the “bridges” between 
cracks. A process of this type in- 
evitably leaves a step, and these 
steps cause the markings observed on 
the cleavage faces of crystals and 
the striations and chevrons observed 
in polycrystalline metals and plastics. 

It is expected that the mean path 
of fracture would be perpendicular 
to the principal tensile stress and that 
deviating secondary fractures would 
be arrested in ductile material. 
Branching of fractures in glass and 
plastic is characteristic of high- 
velocity propagation, but an opposite 
behavior occurs where branching 
leads to a greater amount of plastic 
deformation, as with ductile metals. 

Fracture progresses and produces 
the observed structures as follows: 
There is a maximum tendency for 
fracture to continue into the metal 
and form undersurface cracks in the 
direction in which the fracture is 
moving. In addition, some cracks 
have been observed at the base of 
sharp discontinuities facing away 
from the fracture origin, but these 
are limited in extent so that fractures 
have a directional character. Cen- 
ters of possible new fracture origins 
probably occur at positions of maxi- 
mum tensile stress with fracture 
spreading in both directions. These 
local failures are inclined with re- 
spect to the mean path of fracture 
with further failure by shear between 
these local failures to give complete 
fracture along the mean path. 

Arrested fractures generally show 
that the center of a plate fractures 
before the surfaces with the extent 
of advance depending on the relative 
velocity of propagation in the two 
directions of the plate. Laminations 
and certain nonmetallic inclusions 
constitute barriers to fracture propa- 
gation and thereby influence the 
fracture and the markings. 

C. O. 


UNIFORMITY 


lf you’ve had disappointing variations 
in monthly control of blast cleaning - 
costs—try Malleabrasive. 


Malleabrasive has the uniformity of 
metallurgical structure from one lot to the 
next that has leveled out the cost chort 
line in many of America’s largest 
foundries and other metal working plants. 
Not only leveled—but lowered! 


The full and complete Malleabrasive 
process itself—used by ourselves 
exclusively —provides a degree of 
uniformity unmatched in the 
metal abrasive field. 


Whatever your blast cleaning job, 
Malleabrasive will do it well, 
and will repeat uniformly, 
from month to month. 


Write us for information. 


THE GLOBE STEEL ABRASIVE CO. 


Mansfield, Ohie 
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Investigation of 
Corroded Parts 


Digest of “Application of a 
Systematic Scheme for Examin- 
ing Corroded Metal Specimens”, 
by J. B. Cotton and R. J. Wat- 
kins, Corrosion Technology, Vol. 
4, February 1957, p. 39-43, 74. 


SYSTEMATIC METHOD for the ex- 

amination of corroded metal 
specimens by the use of standard 
techniques such as visual examina- 
tion, X-ray diffraction, chemical, 
spectrographic and microchemical 
analysis, measurement of potential 
differences, and electron diffraction 
has been developed. The following 


histories are presented as examples. 


A copper hot-water storage cylin- 
der operating in a hard-water area 
had become perforated on the top 
dome in zones near the seam. Speci- 
mens of the parts were obtained for 
chemical and spectrographic analy- 
sis, and samples of the various cor- 
rosion products were subjected to 
microchemical analysis. All the 
parts were found to meet specifica- 
tions. The corrosion products were 
found to consist of basic copper car- 
bonate, iron rust, chloride and sul- 
phate ions, zinc, silica, sodium and 
borate ions. A vitreous film was also 
found beneath the corrosion prod- 
ucts; X-ray diffraction methods iden- 
tified it as cuprous oxide. 

These findings led to the conclu- 
sion that the brazing flux had not 


Our years of experience as spe- 
cialists in Electric Salt Bath 
Heat Treating Equipment can 
contribute to a Positive and 
Profitable solution. 


EVERY JOB CUSTOM 
BUILT AND SERVICED 
TO YOUR SATISFACTION! 


ECTRIC FURNACE COMPA 


been washed off. Since the flux was 
corrosive, it had probably exposed 
the bare copper by removing the pro- 
tective film. Galvanic corrosion then 
occurred because of the potential 
difference between the copper and 
the vitreous cuprous oxide. This 
theory was substantiated by elec- 
trode potential tests with a calomel 
electrode. Metallurgical examina- 
tion also revealed two secondary 
corrosive effects: (a) dezincification 
of the brass bosses, and (b) galvanic 
corrosion between the brazing alloy 
and the copper. 

A plug cock used in the gage of 
a boiler carrying high-alkali water 
had failed in service. Chemical and 
metallurgical examination revealed 
that it was made of a wrought 
leaded aluminum bronze and that 
it was free from manufacturing 
defects. The cock had a typical 
duplex microstructure consisting 
primarily of alpha-beta with a semi- 
continuous network of alpha-delta. 
Preferential corrosion of the alpha- 
delta phase had taken place. Under 
certain circumstances this type of 
bronze is susceptible to attack by 
caustic soda solutions. The alkaline 
boiler water had seeped down be- 
tween the plug and the packing 
sleeve, and had become highly con- 
centrated. The concentrated solu- 
tion resulted in local crevice attack 
causing failure. 

A wire mesh screen made of 18-8 
stainless steel with 2% Mo failed in 
service in a unit used for concen- 
trating methylene dichloride liquors. 
The screens were mounted on stain- 
less steel brackets in a drum of the 
same material, and beds of activated 
charcoal were placed on them. The 
methylene dichloride was passed 
over the beds to be absorbed by the 
charcoal. At the saturation point, 
steam was blown through the unit 
to remove the concentrated chlo- 
rides. Only the wire mesh cor- 
roded; the brackets and drum were 
not affected. Chemical and spectro- 
graphic analysis revealed that the 
material met the specifications. 
Microchemical analysis and X-ray 
techniques identified the deposits 
found in the failed areas as magnetic 
iron oxide and aluminum silicate. In 
addition, visual examination revealed 
that the failure had started on the 
side in contact with the charcoal 
after pitting had occurred. This type 
of stainless steel is known to be sus- 

(Continued on page 148) 
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Latest Scientific 
Equipment 
Aids Quality Control 


of Globe Ferroalloys 


These views show some of the laboratory equipment at 


the Beverly, Ohio, plant. 


The spectrograph, illustrated above, is used continually 


to control quality of Globe Ferroalloys. 


The other view shows equipment, all under inert gas FERROSILICON 


pressure, to insure accuracy. Modern electronic equipment HIGH-CARBON FERROCHROME 
is employed to determine alloying elements in Globe products. 
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Point-to-Point 
Temperature 
Variation 


Lowest in Oven History 


TEMPERATURES 


750°F. 


New Oven especially useful 
for research in: 

aircraft, missile, nuclear and 
atomic energy fields. 


A series of tests run on this oven 
shows less point-to-point tempera- 
ture variation . . . and less tem- 
perature variation over an indefi- 
nite period of time, than in any 
other commercial oven of com- 
parable size in the history of the 
industry. 

Special Features include: 

a. 17 cu. ft. work space. 

b. Control dampers permit option 
of recirculated or non-recircu- 
lated air operation. 

c. Front-panel-mounted tempera- 
ture controls. 


Complete information in Bulletin 2299-J 
furnished upon request. 


AMERICAN INSTRUMENT CO., INC. 


8030 GEORGIA AVENUE, SILVER SPRING, MARYLAND 


Corroded Parts... 


ceptible to pitting attack in the 
presence of chlorides. Therefore, it 
was deduced that the failure was 
caused by the dichlorides being 
hydrolized to chlorides; this resulted 
in pitting. The reaction was accel- 
erated by the presence of carbon 
which acted cathodically to the 
metal. BERNARD TROCK 


SuRFACE PROTECTION AGAINST 
WEAR AND CORROSION 


Electroplated coatings, ano- 
dized coatings, case hardening by 
carburizing, diffusion treatments, 
selective heat treatment, hard 
facing, painting specifications, 
galvanizing, metalizing. 461 pages 
—6x9—red cloth—$6.00. Clip and 
send to Technical and Engineer- 
ing Book Information Service, 
7301 Euclid Avenue, Cleveland 
3, Ohio. 


Effect of Impurities 
on Oxidation Mechanism 


Digest of “Role of Minor Ele- 
ments in Oxidation of Metals”, 
by Earl A. Gulbransen, Corro- 

7 Vol. 12, December 1956, 


ELEVATED-temperature oxidation 

of metals, impurities have a major 
effect on the oxidation mechanism. 
The present investigation is an effort 
to further the understanding of the 
role of impurities and minor elements 
in oxidation. Each of the various 
impurity effects is classified in terms 
of its influence on the physical and 
chemical structure of the oxide 
formed. 

At least two conditions must be 
met if the impurity atom is to form 
its own oxide in the outer layer. 
Since the activity of the impurity 
atom in the metal is low, its oxide 
must be much more stable thermo- 
dynamically than the oxides of the 
main components. In addition, the 
impurity atoms must have high 
mobility. 

Whenever certain bivalent oxides 
such as NiO and CoO are reacted 
with trivalent oxides such as Cr,O, 
and Fe,Os, a spinel is formed. These 
spinels are stable thermodynamically, 
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February—Bought lower grade Later—Discoloration of finished parts apparent, 
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Be trouble-free—use only 
Armour's 99.98% pure ammonia 
in your metal treating operation! 
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of the informative Dissociated Ammonia booklet, write us 
on your company letterhead. 


ARMOUR AMMONIA DIVISION 
1353 West 31st Street « Chicago 9, Illinois 
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Oxidation .. . 


and many minerals and oxides pos- 
sess such structures. The substitu- 
tion of foreign metal atoms in the 
spinel structure can occur without 
a large change in lattice parameters. 
In view of the flexibility and stability 
of these spinel structures, it is sug- 
gested that the oxidation resistance 
of heat resisting steels is due to the 
formation at the oxidized surface of 
a stable spinel. 

In the event that one or more of 
the minor components of the oxide 
film diffuses with great difficulty for 
reasons such as size, charge, or solu- 
bility, segregation of these oxides 


may occur in contact with the alloy 
interface. If sufficiently impervious, 
these films could control the rate of 
reaction. Thus, if the oxide film pre- 
vents metal ions from moving into 
the outer layer, the reaction would 
be effectively stopped. Although the 
possibility for such a phenomenon 
exists, no proven example has been 
observed. 

Previous workers have considered 
the influence of additions of metallic 
impurities on the conductivity and 
the rate of oxidation. Thus, if one 
accepts the Wagner theory of oxida- 
tion, and also assumes that mobility 
of the disordered ions and electrons 
is not changed by the presence of 
foreign ions, then it is necessary to 
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diminish the number of ionic defects 
in order to increase the rate of oxida- 
tion. This is best understood by the 
application of the law of mass action 
to ionic and electronic defects in 
mixed crystals. 

In considering changes in physical 
properties and adhesive properties 
of oxide and oxide-alloy interfaces, 
it is emphasized that minor com- 
ponents may concentrate in the sur- 
face layer of the alloy forming sili- 
cate films, thus changing the physical 
properties of the oxide-alloy inter- 
face. Hence, if minor components 
tend to embrittle the oxide, stresses 
set up between the oxide and the 
metal may cause cracks within the 
oxide rather than between the oxide 
and the alloy. If the concentration 
of minor components or their oxides 
tends to weaken the bonding be- 
tween the oxide and the metal, the 
oxide may scale in large sections. In 
addition to such physical considera- 
tions, the concentration of minor 
components as oxides or as elements 
at the oxide-alloy interface may alter 
the reactivity of the grain boundary 
between alloy crystals. 

The effect of strain on the rate of 
oxidation was studied recently using 
a sensitive weight gain method, 
since the effect of the strain can be 
evaluated at an early stage by ob- 
serving the rate of oxidation before 
and after application of stress. 

Experiments were made to deter- 
mine the effect of silicon on the 
adhesion of the oxide to the metal 
for the nickel-chromium series of 
heater alloys. Strain was applied to 
the system of metal-plus-oxide after 
a certain initial oxidation occurred. 
Silicon increased the rate of oxida- 
tion at constant temperature; how- 
ever, when the system was placed 
under strain, silicon improved the 
over-all oxidation resistance. These 
experiments suggest that impurity 
elements such as silicon in the metal 
or alloy can affect greatly certain 
physical and chemical properties of 
the oxide and oxide-metal interface. 
These results show a direct correla- 
tion with the A.S.T.M. useful life 
tests on heater alloys. 

Results indicate that the oxidation 
of well-annealed polished samples of 
iron occurs in a discontinuous man- 
ner at high temperatures and at 
low oxygen pressures. Well-oriented 
oxide nuclei form at apparently ran- 
dom positions in the metal grain. 
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Up Goes Production— When progressive engineers at 
Thompson’s Michigan Division switched from con- 
ventional gas annealing to fully automatic TOCCO 
for annealing threads on automotive ball studs, 
production jumped from 2128 to 3226 parts per hour 
—an increase of over 50%. 

Localized TOCCO heating draws threads from 60 
to 30 Rockwell C, using 50 kw at a frequency of 
10,000 cycles per second. 


Down Go Costs— While production zoomed, costs 
dropped sharply with TOCCO annealing—a reduc- 
tion of 34% in direct labor costs alone. With an average 
monthly output of 350,000 of these parts, Thompson 
saves thousands of dollars per year with TOCCO. 
If you heat metal parts for annealing, forging, braz- 
ing or hardening, investigate how TOCCO can up 
your production and lower your costs. 
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Mail Coupon Today— NEW FREE Bulletin 
The Ohio Crankshaft Co. + Dept. R-3, Cleveland 5, Ohie 


Please send copy of “Typical Results of TOCCO Induction Harden- 
ing, Heat-Treoting and Annealing”. 


Nome 
Position 


THOMPSON PRODUCTS ANNEALS THREADS ON BALL STUDS 
0 
with TOCCO*Induction Heating 
THE OHIO CRANKSHAFT COMPANY 
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LANDIS MACHINE COMPANY 
USES THIS HEVI-DUTY 


VERSA-DUTY PIT FURNACE 


High Speed Steel Chasers 
Tempered in Versa-Duty 
Pit Furnace. 


@ For uniform temperature throughout 
the densest of loads and 


@ Ease of duplicating results from 
load to load. 


“We have noted a marked improvement in 
the quality of our products because of 
greater uniformity in heat treatment . . . 
not only throughout each load . . . but from 
load to load.” In addition, Mr. Leckie- 
Ewing, the chief metallurgist at Landis 
Machine Company, Waynesboro, Pennsyl- 
vania, says that because the tempering cycle 
is so easy to control, they can temper to 
within +1 point Rockwell C. 


If your products require nitriding, bright 


or steam tempering, annealing, bright or . 


special bluing or non-atmosphere heat treat- 
ing requiring temperatures to 1350°F, you 
can achieve outstanding results with Hevi- 
Duty’s new Versa-Duty Pit Furnace. 


Write for Bulletin 755 to find 
out how you can increase produc- 
tion, reduce rejects, save time, labor 
and floor space and eliminate many 
secondary operations. 


MILWAUKEE 1, WISCONSIN ~~ 
Heat Treating Furnaces... Electric Exclusively 
Dry Type Transformers 


Constant Current Regulators 
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Oxidation ... 


The condition and extent of oxida- 
tion are carefully controlled and 
measured, and electron optical meth- 
ods are used to study the finer details. 

A careful analysis of experimental 
results in this investigation has led 
to several interesting conclusions 
about the role of the metal and its 
inclusions and defects on the process 
of nucleation and growth of oxides: 

1. Single crystals of oxides do not 
form on a single grain of the metal. 
The occurrence of many oxide 
growth centers on each grain may 
be related to the presence of defects 
and inclusions in the metal grain. 

2. Occurrences of circular growth 
patterns in oxides probably are re- 
lated to inclusions. 

3. The density of oxide growth 
centers is of the same order as the 
density of dislocations in the metal. 
An interrelation is postulated. 

4. The grain-boundary area of a 
metal presents an interface where 
impurity atoms may concentrate. 
Thus the grain-boundary area may 
present a lower activation energy for 
oxidation than other areas in the 
crystal. The magnitude of this dif- 
ference in activation energies is de- 
termined in part by the difference 
in orientation between the two 
adjacent grains. Wm. W. Austin 


Sintered Steel From 
Darkest Africa 


Digest of “The Matakam 
Story — From Prehistoric Iron 
to Modern Sintered Steel”, 
Powder Metallurgy, Vol. 8, June 
1957, p. 4-16. 


T= FACT that sintered steel suit- 
able for sickles and axes is being 
made by a tribe in darkest Africa is 
another reminder that “there is 
nothing new under the sun”. The 
Matakam tribe live in the Mandara 
mountains in French Cameroon in 
West Africa. Matakam smiths pul- 
verize iron sponge obtained by 
smelting ore, sort out the impurities, 
and place the ductile flakes, platelets 
and other iron particles in a sintering 
crucible. They produce over a char- 
coal fire a sintered product which is 
forged and resintered. 
The result is a material consisting 
of pure ferrite and pearlite regions 
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with from 0.4 to 0.6% carbon. Ex- 
amination of a section of ingot 
showed practically no manganese, 
silicon, phosphorus, or sulphur with 
0.4% carbon. 

During the dry season, the 
magnetite is washed out of the al- 
luvial deposits and brooks where the 
oxide has been concentrated during 
the rains. The washed ore, which 
is to a large extent freed from 
gangue, is stored in containers. The 
charcoal is mostly produced directly 
in a reduction furnace, broken to 
nut-sized pieces and stored in a pit 
next to the furnace. 

The Matakam have a double bel- 
lows at the top of the furnace and 
a clay pipe connected with the bel- 
lows leading almost to the bottom of 
the furnace. To start a run, the 
furnace is charged with charcoal to 
more than half its height whereupon 
the large oval furnace door is sealed 
with clay. After the fire is started 
and the furnace brought to tempera- 
ture, a slag notch is broken out, 
near the bottom of the furnace. At 
intervals of about a quarter of an 
hour, a few handfuls of ore and a 
cup of charcoal are charged through 
the round opening at the top. A 
FeO-rich slag (60% FeO and 35% 
SiO.) flows out of the slag notch. 

After a certain time of reduction, 
the notch is sealed with clay, and a 
new notch is broken out at a slightly 
higher position. At the end of the 
run, which may last up to 24 hr. at 
2000 to 2100° F., the furnace is 
opened, the sponge iron cake is 
withdrawn and quenched in water. 

This spongy cake is broken down 
to nut-sized pieces and thereby freed 
to some extent from chaircoal as well 
as slag and quartz residues. The 
coarse pieces are further pulverized 
by hammering with stone tools, per- 
mitting a further purification and 
separation of the ductile iron grains 
and flakes. The coarse powder is 
placed in clay crucibles and densified 
by shaking. These crucibles are 
sealed with clay, and the iron is sin- 
tered over a charcoal fire with ex- 
clusion of air. The sintering cruci- 
bles are then broken up, the sintered 
iron removed and forged in the char- 
coal fire with large, rounded two- 
handled stone hammers. Repeated 
annealing and forging produces bars 
which are finally processed into 
weapons, jewelry and implements. 


H. J. Roast 
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NUCLEAR PRODUCTS DIVISION 


METALS & CONTROLS CORPORATION 
USES THIS MULTI-RANGE 


HEVI-DUTY BOX FURNACE 


@ To heat parts for rolling and bonding 


@ For critical aluminum brazing 
of nuclear fuel elements 


“The versatility of our Hevi-Duty Elec- 
tric Furnace enables us to perform many 
heat treating operations . . . from special 
heats for rolling and bonding of alumi- 
num, uranium alloy or zirconium to the 
very critical operation of aluminum braz- 
ing of nuclear fuel elements.” 


Mr. Paul Moffat, manager of manu- 
facturing engineering at the Nuclear 
Products Division of Metals & Controls 
Corporation, added that they are excep- 
tionally pleased with the long heating 
element life under severe operating con- 
ditions and the wide variety of uses at 
temperatures to 1850°F. 


Write for Bulletin 341 to see y ote 
how you can put this versatile | 
box furnace to work for you. brazed in Hevi-Duty 


Box Furnace 


HEVI-DUTY ELECTRIC COMPANY 


MILWAUKEE 1, WISCONSIN 
Heat Treating Furnaces... Electric Exclusively 
Dry Type Transformers Constant Current Regulators 


| 
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Annealing Furnace for 
Motor Laminations 


Digest of “Annealing Motor 
Laminations”, Metallurgia, Vol. 
54, December 1956, p. 287-288. 


URING RECENT YEARS the weight- 
horsepower ratio of fractional 
horsepower motors has been con- 
siderably reduced by use of new 
materials such as insulating varnishes 


which permit higher operating tem- 
peratures. To insure optimum mag- 
netic properties under these condi- 
tions, the stator and rotor lamina- 
tions must be given a sub-critical 
annealing treatment. For this pur- 
pose the Cambuslang works of 
Hoover (Electric Motors) Ltd. has 
installed a Birlec electric radiant- 
tube furnace of roller-hearth design. 

Basically the annealing process 
consists of heating the steel to ap- 
proximately 1400° F. to remove all 


5,106,250 Lasoratory DETERMINATIONS 
STILL GOING STRONG: 


A LARGE METALS PRODUCER REPORTS 
ON THE BAIRD-ATOMIC 
DIRECT READING SPECTROMETER: 


“During the past 10 years we have used the Baird-Atomic Direct 
Reader for spectrochemical analysis making 5,106,250 determina- 
tions in 377,350 tests controlling 70,920 heats. 

“Our laboratory costs, per determination, were reduced from 
91¢ by chemical analysis, to 4¢ with the B-A Direct Reader. 
Analytical time per test was reduced from 26 minutes to 5 min- 
utes, saving 2] minutes of furnace time (rated at $1.50 per min- 
ute), on every test. 

“Additional savings include: reduced loss of alloying elements 
— longer furnace lining life — increased efficiency in production 
planning — elimination of ‘off heats’. 

“Of course, the most important result is our ability to produce 
a HIGHER QUALITY PRODUCT for our customer.” 


This report on the B-A Direct Reading Spectrometer exem- 
plifies the long term reliability and substantial savings made 
possible by this unique, rapid method of spectrochemical analysis. 


See Baird-Atomic Instrumentation at 
Booths #27 and 80, Pittsburgh Conference 
on Analytical Chemistry and Applied Spec- 
troscopy, March 3-7, Pittsburgh, Pa. 


For information on how you can reduce costs with the B-A Direct 
Reader, write to: 


Baird -Atomic, Inc. 


33 UNIVERSITY RD., CAMBRIDGE 38, MASS. 


macro and microstrains, and slow 
cooling so the material is essentially 
stable and strainfree at room tem- 
perature. The rate of cooling does 
not immediately affect the iron loss 
but it must be slow enough for com- 
plete precipitation of impurities such 
as carbon, oxygen, and nitrogen 
since precipitation later on would 
cause an objectionable increase in 
the iron loss of the motor. The ma- 
terial must be protected from oxida- 
tion until the temperature has 
dropped to approximately 750° F. in 
the furnace! 

A continuous furnace was selected 
since the floor space occupied would 
be much less than for a batch fur- 
nace. The furnace is rated at 280 
kw. with an output of 1500 Ib. per 
hr. of rotor and stator laminations 
on a 12-hr. cycle. The furnace is 
72% ft. long including loading and 
unloading tables and has a usable 
cross section 4 ft. wide by 1 ft. high. 
The maximum operating tempera- 
ture is slightly above that used for 
the annealing cycle. The furnace 
rollers are driven by an electric 
motor through a variable speed gear 
box, and conventional techniques are 
utilized for controlling the cycling 
treatment; these include furnace 
doors which remain closed when not 
charging or discharging. Stability 
of gas atmosphere and economy in 
gas consumption is thus achieved. 
The atmosphere is obtained from a 
Birlec exothermic atmosphere gen- 
erator having an output of 6000 cu. 
ft. per hr., operating on commercial 
gas. An automatically controlled 
gas-air mixture is burned in a re- 
fractory-lined water-cooled combus- 
tion chamber, and after cooling and 
drying the products of combustion 
are passed through iron oxide to 
remove hydrogen sulphide. 

The furnace is divided into five 
zones as follows: 

Zone 1 — Heating to 1450° F. by 
electric radiant tubes distributed 
above and below the hearth. The 
elements contained in these tubes 
can be easily changed without re- 
moval from the furnace, thus avoid- 
ing a complete shutdown should a 
failure occur. There are 21 tubes 
operating from a three-phase trans- 
former rated at 167 kva. 

Zone 2 — Soaking for 1 hr. Heat- 
ing elements are the same as in Zone 
1. There are 6 tubes and a trans- 
former rated at 48 kva. 

(Continued on page 158) 


METAL PROGRESS 


i 
_@- 
= 
| 
Instrumentation far Better fhnalysis 


Heavy sections like rudder posts and 
propeller blades can be gamma ray 
inspected with % shorter exposure — 
and welded seams can be radiographed 
more rapidly with available portable 
or low kv x-ray equipment —when 
Kodak Industrial X-ray Film Type KK 


is used. 


cut exposure 
time with 
New Kodak 
Industrial 


X-ray Film 


TYPE KK 


Where heavier sections are to be radio- 
graphed or where the output of available 
X-ray or gamma ray sources is limited, 
Kodak’s new Industrial X-ray Film Type 
KK is the film to use. 


This film shows as much as 50% 
increase in speed over the well-known 
Type K Film. It means more work can 
be done—that exposures can be cut by 


a third. And those who have tried Type 
KK tell us that its higher contrast, off- 
setting a slight increase in graininess, 
provides improved radiographic sensitivity. 
To learn how Kodak Industrial X-ray 
Film Type KK can extend the service of 
your present radiographic equipment, 
get in touch with your x-ray dealer or 
Kodak Technical Representative. 


~ 


EASTMAN KODAK COMPANY 
X-ray Division, Rochester 4, N.Y. 


TRADE 
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UPGRADE STEELS AND PROFITS 


INTEGRATED GAS CHEMISTRY 


You can upgrade low-cost steels, and protect metal sur- 
faces to cut cleaning costs with Surface gas chemistry. You 
can tailor the chemical composition and the physical prop- 
erties of your metal surface exactly to order. 

The process is controllable by instrumentation, and 
can be easily applied to either batch or in-line operations. 

If you use endothermic atmospheres, Surface can sup- 
ply you a completely integrated system consisting of (1) 
furnace, (2) atmosphere generator, and (3) controls. De- 
signed to work together, these elements can be as automatic 
as you want them. 

You can improve your profit atmosphere by applying 
Surface gas chemistry to your heat treating operations. It 
will reduce costs, improve product uniformity and quality, 
reduce or eliminate manual labor, and avoid waste disposal 
problems. 

See how Surface gas chemistry has profited others; write 
for Bulletin SC-178. 

Surface Combustion Corporation, 2377 Dorr St., 
Toledo 1, Ohio. In Canada: Surface Industrial Furnaces, 
Ltd.. Toronto, Ontario. 
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SPECIALIZED WELDED 


FABRICATIONS 


for example 


VACUUM 
RETORTS 


This heavy INCONEL Vacuum 
Retort is one of a number of 
such designs being produced 
by ROLOCK. Approximately 
2 feet in diameter by 8 feet 
high, it is used for high-tem- 
perature vacuum annealing. 


By entrusting such work to Rolock, you gain the many advantages of competent 
engineering supervision; production personnel thoroughly experienced in the prob- 
lems and materials involved; a modern plant fully equipped for inspection and 
testing as well as fabrication. 


Rolock facilities and skills cover a wide range of work in pressure and vacuum 
equipment, specialized processing carriers, furnace retorts, covers and bells, trays, 
tanks, fabrications and assemblies in Inconel, Incoloy, Monel, the Hastelloys, and 
Stainless Steels. Send us an outline of your requirements. 


SALES AND SERVICE REPRESENTATIVES FROM COAST TO COAST 


ROLOCK INC., 1222 KINGS HIGHWAY, FAIRFIELD, CONN 


JOB-ENGINEERED for better work 


Easier Operation, Lower Cost 


Annealing . . . 


Zones 8 and 4 — Slow cooling to 
1100° F. at a rate not in excess of 
45° F. per hr. using heating elements 
suspended from the furnace roof and 
cooling tubes mounted transversely 
through which cold air may be 
blown. In Zone 3, elements are 40 
kva. In Zone 4, elements are 30 
kva. 

Zone 5 — Fast cooling to 750° F. 
and discharge to the atmosphere. 

H. B. Osporn, Jr. 


CONTROLLED ATMOSPHERES 


Including chemical  equilib- 
rium, prevention of oxidation 
type of reaction, surface ef- 
fects; extensive discussions cover- 
ing costs. 17 eminent authorities 
participate in this important vol- 
ume. 232 pages—6x9—red cloth— 
$4.00. Clip and send to ASM In- 
formation Service, 7301 Euclid 
Ave., Cleveland 3, Ohio. 


Role of Strain Rate in 
Hot Cracking 
in Castings 


Digest of “Investigation of 
Metallurgical and Mechanical 
Effects in the Development of 
Hot Tearing”, by H. F. Bishop, 
C. G. Ackerlind, W. S. Pellini. 
American Foundrymen’s Society 
Preprint No. 57-1, 1957, 12 p. 


ASTINGS, weldments and forgings 

may develop intergranular cracks 
during solidification. This phenom- 
enon, most commonly called hot 
tearing, is recognized as the most 
serious defect encountered in steel 
castings. 

Since hot cracking is a phenom- 
enon characterized by failure of the 
metal to behave in the expected 
ductile fashion, the basic mechanism 
should be understood. Two aspects 
are involved: development of liquid 
films (metallurgical) and develop- 
ment of strain (mechanical). 

The basic elements of the liquid 
film-strain theory of hot tearing are 
valid; however, certain foundry al- 
loys hot tear readily while others 
may be totally immune to this defect. 

Three types of tests were con- 
ducted on a variety of alloys, clas- 
sified as the iron, aluminum, and 
copper-base groups, to determine 
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Twin installation of Model 6-MR 
Atmos Gas Generators deliver up to 
6,000 cfh at Thomas Strip division 
of Pittsburgh Steel. Increased equip- 
ment capacity, reduced labor costs, 
and closer control make Kemp units 
money savers in every installation. 


4 


Air-gas Ratio Valve 


For precise control of furnace atmospheres .. . 


Come Kemp 


For heat treating and annealing metals in inert 
atmospheres, you can rely on Kemp Atmos or 
Nitrogen Generators as a dependable source 
of inert gasses. Kemp generators are built 
around the patented Kemp Industrial Carbu- 
retor, which guarantees a steady supply of 
exact analysis inerts, regardless of demands on 
the line. With Kemp units supplying your 
furnaces, you get greater control .. . a better 
product at lower cost. 


The Kemp Atmos Generator, a _ rich 
exothermic gas producer, is suitable for most 
furnace applications; while for more critical 
uses the Kemp Nitrogen Producer is recom- 


mended. Both are noted for durability and 
dependability. Rugged Kemp design gives 
optimum performance for years, with only 
minimum maintenance and care. 


Kemp generators may be engineered as an 
integral part of new furnace construction, 
adapted to existing units, or furnished as a 
separate setup. 


Your Kemp Representative, listed 
in the Chemical Engineering Cata- 
log, will give youcomplete details. Or 
write direct for Bulletins I-100 and 
I-101. The C. M. Kemp Mfg. Co., 
405 E. Oliver St., Baltimore 2, Md. 


KEMP 


\ 
Dryers Melting Pots 


Strain Rate... 


whether correlation exists between 
hot tearing behavior and metallurgi- 
cal and mechanical characteristics 
which lead to hot tearing. 

An apparatus was designed for 
measuring strength of solidifying 
alloys in such a manner that a test 
bar fractured under conditions of 
restraint conducive to hot tearing. 


Data obtained indicated that all 
metals may be expected to develop 
a sudden transition from zero 
strength and ductility to high 
strength and ductility as the liquid 
film solidifies. 

Hot tearing can only occur during 
the film stage of solidification, which, 
in the absence of segregate-forming 
eleraents, is related to the length of 
the solidification cycle. A propor- 
tion was assumed to exist between 


must be more tha 


Cincinnati Sub-Zero 
insures maximum 
stability of metals . . . 
even at supersonic speeds! 


Speeds of thousands of miles per hour . . . murderous split-second 
temperature and altitude changes . . . today’s aircraft, rockets and 
missiles survive an almost unbelievable assault in the vital race for 


preparedness. 


Whether or not your products are involved in this “race”, Cincinnati 
Sub-Zero production chilling or environmental test units can help 
them survive . .. produce completely stabilized steels that retain high- 
impact hardness and dimensional stability under toughest conditions. 


Write us for Catalog and outline your needs for a no-obligation recom- 


mendation on a custom-designed unit. 


CINCINNATI SUB-ZERO PRODUCTS 


General Offices and Plant: 3930 R8 READING ROAD, CINCINNATI 29, OHIO 
Member, Environmental Equipment Institute 


film stage time and _ solidification 
time; this permitted correlation be- 
tween film stage life and the amount 
of contraction occurring during that 
stage. 

It was shown that as the solidifica- 
tion time differential between the hot 
and cold members of the hot tearing 
system is increased, the film stage 
interval and the contraction during 
this interval are proportionately in- 
creased. 

Small amounts of impurities may 
form low-melting eutecties with the 
base metal, thereby extending the 
life of the film stage. The FeS-Fe 
eutectic in iron alloys is a classical 
example. 

Evidence shows that the com- 
mercial aluminum, the copper-bear- 
ing aluminum alloys, and the plain 
carbon steels are most sensitive to 
the presence of segregates which 
lower the solidification tempera- 
true, while the nodular and gray 
irons are affected only to a negligible 
extent. This agrees with practical 
experiences which are reported in 
the literature. 

The following factors tend to in- 
crease susceptibility to hot tearing of 
aluminum alloys: 

1. Wide freezing range. This pro- 
longs solidification time, delaying ac- 
quisition of strength. 

2. Low gas content. Casting ex- 
pansion resulting from gas precipita- 
tion counteracts casting contraction, 
minimizing strains. 

3. Large grain size. Fewer grain 
boundaries cause more concentrated 
intergranular segregation, which de- 
lays acquisition of strength. 

4. Low eutectic content. The 
quantity of continuous liquid films 
increases with the distance of the 
composition from the eutectic point. 

However, the factor of wide freez- 
ing ranges alone is not a sufficient 
criterion for hot tearing susceptibil- 
ity and must be considered in com- 
bination with the amount of contrac- 
tion which occurs. 

All alloys pass through a critical 
hot tearing temperature range dur- 
ing the solidification process and can 
be made to hot tear readily by appli- 
cation of strain at extremely low load 
levels. In natural mechanical sys- 
tems entailing the solidification of a 
casting under conditions of restraint, 
only certain metals have a tendency 
toward hot tearing. 

Hans HEINE 
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Pickling Tank Test 
in 3 minutes... 


WITH FERRO 
PICKLE PILLS! 


Any workman who can tell red 
from green and count to 
ten can test the exact strength 
of pickling solutions .. . the 
exact percentage of iron con- 
tent, and the solution percent- 
age of sulphuric acid, muriatic 
acid, alkali etc. in metal 
cleaning tanks. 


Ferro Pickle Pills provide a 
quick, accurate test to augment 
periodic titration testing, or as 
a “test within a test’’. They can 
assure full-capacity cleaning 
with fewer rejects, save money 
by eliminating premature 
dumping of tanks. That’s why 
more and more companies are 
using them. Why don’t you try 
them? Write today for literature 
and prices, 


FERRO CORPORATION 


4133 East 56th Street 
Cleveland 5, Ohio 


LIST NO. 175 ON INFO-COUPON PAGE 170 
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OPTO. METRIC INC 


137mP VARICK STREET, NEW YORK 13 


LIST NO. 162 ON INFO-COUPON PAGE 170 


Portable and Precise 


HARDNESS TESTER 


Model ST-5 


© Weight: 7 oz. 

® Length: 6% in. 

Direct scale readings in 
Rockwell and Brinell. Make 
hardness tests anywhere in 
seconds. Ideal for testing 
specimens too large for 
standard testing equipment. 
Saves time and labor moving 
heavy pieces to a bench- 
tester. Quickly calibrated. 
Easy to read. Used by many 
large industries. Accessory 
equipment includes test stand 
and carrying case. 

Write for full information. 


DEVICES, 


10640 Harper Ave., Detroit 13, Mich. 


LIST NO. 167 ON INFO-COUPON PAGE 170 


NON-DESTRUCTIVE 
COATING THICKNESS TESTER 


FAST—ACCURATE 
COMPACT-—PORTAGLE 


DIRECT-READING 


Sorts Metals and Alloys 


For Metals on Metals 


Non-Conductors on Metals 
Metals on Non-Conductors 


You can now have 100% inspection of 
production of nearly any possible coating 
on almost any base—including the first and 
only accurate, direct readings of such com- 
binations as zinc, cadmium, copper on 
steel; silver on brass; copper on zinc; ano- 
dizing on aluminum; organic coatings on 
non-ferrous metals — without the use of 
chemicals. 


WRITE FOR FULL INFORMATION 


LIST NO. 139 ON INFO-COUPON PAGE 170 
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SOLVED with 


MAGNETIC ANALYSIS 
MULTI-METHOD EQUIPMENT 


Electronic Equipment for non-destruc- 
tive production inspection of steel bars, 
wire rod, and tubing for mechanical 
faults, variati in positi and 
physical properties. Average inspection 
speed 120 ft. per minute. 

Over 80 installations in steel mills 
and fabricating plants. 


MULTI MOTION DIES*.... 
FOR TEST SPECIMENS ... 


® Tensile Bars 

© Transverse Bars 
@ Green Strength 
Bushings 

® Slugs 

Stepped Parts 


Complete design 
facilities for dies 
or subpress units 
to press unusual 
shapes in lab 
DL-1001 
TENSILE TEST BAR Presses. 
MPA STANDARD 
10-51 “PATENTS PENDING 


HALLER, INCORPORATED 


684 W. Ann Arbor Rd., Plymouth, Mich. 


LIST NO. 1497 ON INFO-COUPON PAGE 170 
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Accurate test specimens machined from sheet and plate 
materials .0005 to .500 in., in less than 3 min. 


SIEBURG INDUSTRIES, INC. 


Horse Plain Kd. ° New Britain, Conn. 


LIST NO. 131 ON INFO-COUPON PAGE 170 


MAGNETIC ANALYSIS 
SPECIAL EQUIPMENT 


Electronic Equipment for non-destruc- 
tive production inspection of both non- 
magnetic stainless and high temperature 
steel bars and tubing—seamless or 
welded—as well as non-ferrous bars and 
tubing. Mechanical faults, variati in 
composition and physical properties are 
detected simultaneously. Average 
inspection speed 200 ft. per minute. 

Over 30 installations in mills and 
fabricating plants. 


MAGNETIC ANALYSIS 
COMPARATORS AND METAL TESTERS 


Electronic Instr ts for producti 
sorting both ferrous and non-ferrous 
materials and parts for variation in 
composition, structure and thickness of 
sheet and plating. 


Engineering Data on MOLYKOTE "lubricants 


ALP 


LIST NO. 110 ON INFO-COUPON PAGE 170 


SS 


CORPORATION 


Main Factories: 
65 Horverd Avenue, Stamford, Conn. 


MAGNETIC ANALYSIS 
DEMAGNETIZERS 

Electrical Equipment for rapid and 
efficient demagnetizing of steel bars 
and tubing. When used with Magnetic 
Analysis Multi-Method Equipment, in- 
spection and demagnetizing can be 
done in a single operation. 


MAGNETIC ANALYSIS 
MAGNETISM DETECTORS 


Inexpensive pocket meters for indi- 
cating residual magnetism in ferrous 
materials and parts. 


TRADE MARK 


For Details Write: 

MAGNETIC ANALYSIS CORP. 

42-44 Twelfth St., Long Island City 1, N. Y. 
“THE TEST TELLS” 


HARDNESS TESTING 
SHORE SCLEROSCOPE 


Pioneer American 
Standard Since 
1907 


Available in Model C-2 
(illustrated), or Model 
D dial indicating with 
equivalent Brinell & 
Rockwell C Hardness 
Numbers. May be used 
freehand or mounted on 
bench clamp. 


OVER 40,000 
IN USE 


SHORE INSTRUMENT & MFG. CO., INC. 
90-35M Van Wyck Exp., Jamaica 35, N.Y. 
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KENTRON 


Applies 1 to 10,000 gram loads 
Write for Bulletin 
Kent Cliff Laboratories Div. 
The Torsion Balance Company 


CLIFTON NEW JERSEY 
LIST NO. 53 ON INFO-COUPON PAGE 170 
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SONOGEN”’ 


Ultrasonic-Power Generators with hermetically- 
sealed barium-titanate Transducers — 40Kc /sec. 


Transducer Radiating Areas of “% sq. ft to 10 
sq. ft. — for use in solvents and detergents. 


Eliminates hand operations — Reduces rejects 
in plating, finishing, assembly. 


For washing, degreasing, removal of buffing 
compounds, radioactive contamination, soldering 
flux, plaster, carbon smut, etc. 


Literature upon request. 
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FABRICATED MONEL 


vexing EQUIPMENT 


¢ Hairpin Hooks * Sheet Crates 
Steam Jets Chain 
¢ Mechanical Bar, Tube and Coil Picklers 


THE YOUNGSTOWN WELDING & ENGINEERING CO. 


3721 OAKWOOD AVE. . YOUNGSTOWN, OHIO 


LIST NO. 94 ON INFO-COUPON PAGE 170 


Specialists in All Phases of 
METAL CLEANING EQUIPMENT 


DEGREASERS @® AGITATING WASHERS ¢ PICKLERS 
PHOSPHATIZING WASHERS @® ALKALINE WASHERS 
FLOW COATING SYSTEMS © "SPOTLESS" DRYERS 
OVENS e ULTRASONIC CLEANING EQUIPMENT 


We will be happy to send a sales engineer to help you with any metal 
cleaning equipment problem. Complete information on request. 


@ CIRCO-SOLV (Trichlorethylene) 
@ PER-SOLV (Perchiorethylene) 


Since 1923 


LIST NO. 10 ON INFO-COUPON PAGE 170 
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Let X equal your problem in elec- 


tronics or atomics. Technic expe- 
rience is that application of PM? 
(Precious Metal Plating Metal- 
lurgy)may be your solution. 


ALLOY GOLD PLATING 


Growing complexity of require- 
ments in the electronic and atomic 
fields brings demand for gold 
coatings that have qualities other 
than 24K gold. Technic methods 
and equipment enable you to meet 
problems with a new tool — an 
exact metallurgy which alloys 24K 
plating gold with trace amounts, 
or more, of desired elements. 


TECHNIC SERVICE 


We engineer and instel all your 
requirements for precious metal 
electroplating with rigid scientific 
control. And our specialists are 
your specialists until your installa- 
tion achieves optimum perform- 
ance. Send us your problems — 
old or new — for Technic recom- 
mendations. 


vie, wire or cat 
TECH \ It, IN 
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ULTRASONIC CLEANING 
your answer? 
Typical Transducer Arrangements 
Binary Doped 
e | 


PRECIOUS 
METALS 


BRIGHT GOLD 


Mirror-bright finish in any thickness 
directly from the bath. Patented 


PUR-A-SALTS 
Restores contaminated cyanide plat- 
ing baths to full, trouble-free 
operation. Patented 


SILVREX BRIGHT SILVER 


Crystal-clear solution that produces 
mirror-bright deposits. Patented 


SILVER SOL-U-SALT 


Non-dusting — safest and easiest 
to use. 


BRIGHT RHODIUM 
Brilliant, fine-grained non-tarnishing 
deposits. 


RHODEX 
Only rhodium electroplating process 
that yields extra heavy compressively 
stressed deposits. Patent Pending 


ACID GOLD PLATING PROCESS 


Developed specifically for plating 
printed circuits. Mildly acid so that 
neither the laminate nor the adhesive 
at the inter-face of printed circuit 
boards are affected during the plat- 
ing process. 


Cc lete i lation and servicing 
on all precious metals processes. 


SEL-REX 
CORPORATION 


Dept. BB, Nutley 10, New Jersey 
Offices: Detroit—Chicago—Los Angeles 
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METAL PARTS 
CLEANING“ 
PROBLEMS 


Get the answers RIGHT 
from RAMCO’S 
new BULLETIN! 


Send for your copy of 
the Ramco Bulletin. 
See how Ramco 2- and 
3-dip degreasers can 
solve your metal 
parts cleaning prob- 
lems safely, effici- 
ently, economical- 
ly! Send today! 


AMCO EQUIPMENT CORP. 


DIV. OF RANDALL MFG. CO., INC. 


809 Edgewater Rd., New York 39, N.Y. 


"LIST NO. 128 ON INFO-COUPON PAGE 170 


SHAPES 


Reduce your assembly problems and costs. 

shapes continuously formed, with high 
degree of accuracy, from ferrous or non- 
ferrous metals. Write for Catalog No. 1053. 


ANG PLANT 
3761 OAKWOOD AVE. + YOUNGSTOWN, OHIO 
LIST NO. 10! ON INFO-COUPON PAGE 170 


How Roll Coater 


QuALITY 
on 


PROBLEM: 


Stello Products Company, Logansport, In- 
diana, manufacturer of tags, license and 
“booster” plates, had the problem of ex- 
cessive direct labor charges. In the previous 
expensive method of making these items, 
plates had to be stamped from bare metal 
—and then cleaned individually—and 
spray painted on both sides. This method 
did not give the uniform quality de- 
manded—and Stello turned to Roll Coater 
for a solution. 


SOLUTION: 


Roll-coated metal was tested by Stello 
Products Company. Pre-painted and baked 
on both sides, this metal eliminated en- 
tirely the cleaning and spray painting op- 
erations —withstood rigorous stamping 
tests—and relieved painting facilities for 
other jobs. Says J. C. Cotner, president of 
Stello Products Company, “Roll Coater 
metal is now saving us approximately 50% 
in direct labor costs—and is giving us the 
desired uniform quality in our plate pro- 
duction. It really solves our problem.” 


SEND FOR FREE BROCHURE and 
SAMPLE TODAY! 


PAGE 170 


STEEL FABRICATED 
and RUBBER-LINE| 
TANKS 


for the Plating Industry 


@ Plating tanks any size or shape fabricated 
and rubber-lined to your specifications. A 


complete service from basic 
design to installation, also fabri- 
Neo cated and rubber-lined pipe 
Neo Subsid of Automotive Rubber Co.. Inc 
ARco STEEL FABRICATORS 


and fittings. Write Dept. “MP” 
for complete details. 
12542 BEECH ROAD * DETROIT 39, MICH 
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QUEOUS SYSTEM 
Grade “C-W-25" 


Non- flammable 
Non-toxic 

Aqueous Oily Film 
Protects Ferrous Parts 
for long Periods 
Indoor Storage 


Write for free sample and Scopturs 
Specify Grade *'C-W-2 
RODUCTION SPECIALTIES, INC. 


755 BOYLSTON STREET = 
BOSTON 16, /AASS 
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ROLL FORMED PRODUCTS CO. 
| 

| 
4: 
| RO ter| 
| 


STANDARD 
REFERENCE 


ICAL COMPANY INC. 


Canton, Connecticut 
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the GRIES 
MICRO -REFLEX 


HARDNESS TESTER 


Loads: 10 to 3000 gram 
with CARL ZEISS Optical System 


Measurements: to 0.0001 — 
mm. ... Observations on 
Ground Glass . . . Projec- 
tion: te 0.001 mm.... : =. 

Many Unique, Very 


portant Features. 
— = 


INVESTIGATE! = 
Write for Bulletin 
No. A-I6 


GRIES INDUSTRIES, INC. 
Testing Machines Division 
NEW ROCHELLE 3.N Y 
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MARKING 


Rubber type, 
logos and dies... 
imprinting units 
for rounds or 
sheets . . . for in- 
line marking of 

moving stock. 


LIST NO. 166 ON INFO-COUPON PAGE 170 


for any product! 


Steel stamps, dies and 
machines for marking 
round, flat or con- 
toured products .. . 
production marking 
machines for high- J) 
speed automatic lines. ~ 


A CABLE SPLICED 
IN 10 sEconps! 


ERICO PRODUCTS, INC. 
Complete Arc Welding Accessories 


2070 E. Gist Place, Cleveland 3, Ohio 
Write for Caddy Catalog 
LIST NO. 71 ON INFO-COUPON PAGE 170 
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ANYWHERE. 


TESTER 


© CLAMPS, JAWS & BASE PLATE ARE ELIMINATED 
* NO CONVERSIONS OR CALCULATIONS 

© TEST ANY SIZE, SHAPE OR TYPE METAL 

© NO SKILL REQUIRED 

*@ SCALE READINGS IN ROCKWELL & BRINELL 

ACCURACY GUARANTEED 


Many thousands used by industry and government, 
Write, wire or call jor additional details and prices. 


NEWAGE INDUSTRIES, INC. 
222 York Road Jenkintown, Pennsylvania 
TUrner 48494 — Dept. MP 
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© Coated, Straightened 
* Cut © Coiled and Spooled 
andall 22, 


Automatic Weld 
© All Analyses 


LIST NO 


Ask the Man Who KNOWS Stainless Welding... 


North R 
2-6100 


tro 


J 
Phone: 


Avenue 


in providing the correct— 
—place a trusted guarantee back of your welding operations. 


Stainless and Heat Resistant Arc Welding Electrodes 


Call Mr. Electrode... His years of experience and leadership 


72 ON INFO-COUPON PAGE 


MAURATH, INC. 
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s. 
ONE SOL ow! 
Pi 
J 
M 
| 
| 
\ 
Write for information and literature—indicating product to be marked. 
JAS. H. MATTHEWS & CO... 
3967 FORBES ST. + _ PITTSBURGH 13, PA. | | 
= 
JUST PRESS 
| 
— 
— 


there's a 


IMMERSION 
HEATER 
for 


Your Every 
Heating Requirement 


Firing Rate: 50,000 B.T.U. 


SHOCK-PROOF 
Blower Air — 117 CF. © AVAILABLE IN ALL VOLTAGES 


—WATTAGES, 
ONE AND THREE PHASE 


Available from your 4 
Electroplating Distributor 


WRITE FOR BULLETIN > 


Glo-QUARTZ 


8 


ELECTRIC HEATER CO., INC., Willoughby, Ohio 

SAVE SPACE WITH A 

COMBINATION MODEL 
Two independent furnaces (hardening and on 
drawing) in the same floor space one requires. 

IN 

2300° F. range. A 
the largest standard model. 
8055A 6x12" 865.00 $ 975.00 Eliminates . . . 


*Reg. U.S. Pat. Off Phone: Willoughby 2-5521 
Complete with independent controls. Harden- 
QUEOUS SYSTEMS 
Drawing furnace has a maximum of 800° F.* 
FERROUS 
Chamber Size Prices METAL PROCESSING 
8055 B 1325.00 1450.00 Rust 


SERIES 805 5 LIST NO. 145 ON INFO-COUPON PAGE 170 
ing furnace available in both a 2000° and a 
Quench tank included with the exception of Grade "B 
Model H. w L. 2000° F. 2300° F, 
8055 Cc 12” x 12” x 24” 1850.00 1950.00 


8055 D 18” x 18" x 36” 2750.00 2875.00 * 

*Also available up to 1250° F. Fire Hazards 
WRITE FOR FREE LITERATURE, SPECIFICA- as; 
TIONS and price list of Lucifer Furnaces in Toxicity 
wide range of sizes—top loading and side load- 


ing types. Engineering advice without obliga- Dermatitis 


tion. Write, wire or phone today. Degreasing 
LU CLF E R| 
Ga. C.-A. Thermocouple U N A E Ss | N Cc 
to Potentiometer 7 
NESHAMINY 7. PA. ODUCTION SPECIALTIES, 


755 BOYLSTON STREET 
Phone: Diamond 3-0411 BOSTON 16, MASS 


LIST NO. 122 ON INFO-COUPON PAGE 170 LIST NO. 105 ON INFO-COUPON PAGE 170 


: 


2 
3 


JELLIFF 8-9 
for ALL Industrial Uses 

20 Ga. C.-A. Control Ther- : 

strip Chart instr, to Degreasing Anodizing 

Solenoid Valve. Chart ® Pickling ® Plating 

CORE----- SKIN ; ® Heavy Industrial Types 

ANY SIZE AND SHAPE « ANY DUCTILE METAL 
Ask for Bulletin 28 


\tHEc.o. JELLIFF 
THE A. F. HOLDEN COMPANY MANUFACTURING CORP. 


DETROIT MICHIGAN 

LIST NO. 127 ON INFO-COUPON PAGE 170 LIST NO. 91 ON INFO-COUPON PAGE 170 
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Before you buy any salt pot, 
= or if you have other heat and 
corrosion resistant problems 

—SEE WIRETEX. 


DOA 


LIST NO. 114 ON INF 


PAG 


PLATE POTS 


Last longer.... cut operating costs 
fast delivery..low cost 


WIRETEX PLATE POTS withstand temperatures up to 2100 ! 
Cut neutral or cyanide bath costs! Last 15 to 20% longer! 
Operating costs drop 25 to 35%! Down time is almost 
halved! 

* All metals 

* LD. dia. up to 24” and 

larger 

* Depths unlimited 

* Dished bottom heads 

* Overlapping seams 
Before you buy any salt pot, or if you have other heat and 
corrosion resistant problems—SEE WIRETEX. 


* Double x-ray quality 
weld, inside and out 

* Heavy steel flanges 

* Stress relieved 

Sand-blasted finish 


5 Mason St., Bridgeport 5, Conn. 


Specialists in Processing Carriers Since 1932 


170 


PRODUCED AND 


12°x12"x24" 
Peis 18"x18"x18” 
Pi3sé 18"x18"x36" 


Automatic Controls Available on all 


PRICED RIGHT 
FOR YOUR ELECTRIC FURNACE NEEDS 


“ATMO-CARB”’ 
MODEL MHE-458 
Complete with 
Carburizing Atmosphere | # 
Generator and 2 
Automatic 


Control! 


Infinite zone tempera- 
ture contro! 


Zone temperature § indi. 
cation by Pyrometer 
Selector Switch 


© Automatic hold and cut- 
off instrument available 


© Patented element holders Other Sizes ond 


© Infinite variety of im Me Arrangements Available 
CO. 


Chester 77, Pa. 


$1325.00 


@ Rugged construction 


In our large, rapidly turning-over stock, we 
often acquire brand-new items, still in their 
original crates. We offer these at a fraction 
of their replacement cost, and with the same 
guorantee that the original manufacturer 


gives. Several of our new furnaces are 
pictured below. 


Upton Salt Bath 
Hi and Low Heat 


rice $1975 Each 


Our stock is constantly changing! Before you 
buy any furnace or accessory, call us collect 
and let us show you how to save money! 
(Money-Back Guorantee). We pledge that 
any unit we advertise is in stock at one of our 
worehouses at the original time of publica- 
tion. However, they are subject to prior sale, 
so act now! 


LIST NO. 142 ON INFO-COUPON PAGE 170 


SIR PLUS FURNACES 


REWARD 


AND RELATED APPARATUS 


WE PAY CASH FOR SURPLUS INDUSTRIAL FURNACES 


BOX TYPE 
24x36x18 Lindberg 50KW 2000°F 
36x72x23 G.E. 72KW 2000°F 
48x84x24 American 100KW 1850°F 
24x36x!4 Surface Gas 1850°F 
54x96x24 Surface Gas 1850°F 
PIT TYPE 
25x36 Lindberg 66KW 1250°F 
28x28 Lindberg 52KW 1250°F 
48x72 Lindberg Gas 1250°F 
48x96 Surface Gas 1250°F 
48x96 Lee Wilson Rad. Tube 


CONVEYOR TYPE RECIRCULATING 
36x33’x!2 Despatch MshBlt Gas 875°F 
R&S MshBit Gas 1250°F 
48x20'x12 Surface PItBlt Gas 1000°F 


SURPLUS FURNACES FOR SALE 


BOX TYPE RECIRCULATING 


36x36x36 Despatch Gas 1250°F 
72x12'x42 Lindberg Gas 1250°F 
24x36x24 Lindberg 45KW 1400°F 
36x48x24 Lindberg 45KW 1250°F 
66x16'x76 Lindberg 18OKW 1250°F 
PIT TYPE CARBURIZERS 
10x20 evi Duty 14KW 1800°F 
15x18 L&N Homo 30KW 1800°F 
20x36 L&N Homo 72KW 1800°F 
25x36 L&N Homo 85KW 1800°F 
20x48 L&N Homo 85KW 1800°F 
ROLLER HEARTH 
28” G.E. 17’htg. 70’'C. 320KW 2050°F 
28” G.E. 28’htg. 90°C. 497KW 2050°F 
62” G.E. I8’htg. 45'C. 655KW 1650°F 


SEND FOR COMPLETE LIST 


19256 John R. St. 


THE JOE MARTIN CO., INC. 


TWinbrook 2-5500 


Detroit 3, Mich. 


METAL PROGRESS 
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| ‘ EQUIPMENT AT 
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FREES 


the QUENZINE STORY 


Low priced, more readily available carbon 


PROVIDE CLOSE TEMPERATURE CONTROL FOR: steels can often replace alloy steels when 


uench 

© © Drawing, tempering and stress relieving 
© © © Heat treating of brass and copper QUENZINE added. 
© © © Solution heat treating and aging of aluminum to Be, a 
© © © Heating aluminum for forging other Beacon Brand 
Heat Treating Com- 
EVENTEMP recirculating furnaces offer highest heating efficiency pounds write to... 
plus the convenience of push-button operation. Available in either 
gas fired or electric models in a wide range of sizes and 
capacities, KOZMA EVENTEMP FURNACES assure accurate 
temperature control within a range of 300° to 1650° F. 


PIT TYPE 


For complete information write: 


J. A. KOZMA COMPANY, 2471 Wyoming ce ALDRIDGE 


OVEN TYPE Dearborn, Michigan ea 


Eventemp Pit and Oven Furnaces Gas or Oil Salt 
Bath Furnaces Melting and Smelting Furnace Gas or 
Oil Rotler Hearth, Chain, Pusher and Rotary Hearth Furnaces 


INDUSTRIAL PROCESSING FURNACES SINCE 1928 : LIST NO. 27 ON INFO-COUPON PAGE 170 
LIST NO. 158 ON INFO-COUPON PAGE 170 


3401 W. 140th Cleveland 11, Obie 


AIR WASH 
HAWKRIDGE METALS 
CORPORATION SYSTEMS 


-PLATING PICKLING METAL 


Producers and Sellers of creanine FUME SCRUBBING 


economical in 
Switch to scheduled pot maintenance with ome sits 
low-cost pressed-steel pots for lead, salt, efficient in 
cyanide, oil-tempering, metal-melting. performance... 


Can't turn suddenly defective, because -40 to +300 mesh sulven little 
no faulty steel survives drawing. Request space. .. stand - 
catalog from Eclipse Fuel Engineering High Purit 99.2% Pi ard units—7200 to 57/600 
Co., 1018 Buchanan St., Rockford, Ill. 3 Y . 5 C.F.M. Write Dept. “MP” for 


Commercial 98.6% Pi complete information. 
‘INDUSTRIAL AUTOMOTIVE 
: COMBUSTION North Hampten RUBBER CO. + INC. 
: DIVISION New Hampshire 12550 BEECH ROAD + DETROIT 39. MICH 


; . LIST NO. 154 ON INFO-COUPON PAGE 170 
LIST NO. 176 ON INFO-COUPON PAGE 170 LIST NO. 177 ON INFO-COUPON PAGE 170 


or-Wal 


give you: 
2 e weight—yet stronger 
@ Longer service life 
@ Sides are heat resistant corrugoted rolled metal 


@ Basket grid, grid supporting ring ond top ring are 
of high temperature cast alloy 


@ Proved in exhaustive tests on the job 
WRITE FOR DETAILS 


STANWOOD CORPORATION 


W. Cortiond St... Chicage 39, il, 


LIST NO. 12 ON INFO-COUPON PAGE 170 
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HIGH-DENSITY SINTERED METAL PARTS 


carburized tensile strength to 2ZOO,OOO psi. 


LIST NO. 174 ON INFO-COUPON PAGE 170 


Supermet combines the economy of powder 
metallurgy with the properties of controlled 
carbur'zation to give you solid steel parts at 
low cost. Seven ranges of properties available 


in electrolytic iron; 


Supermet Division 
GLOBE INDUSTRIES, INC. 
1465 Cincinnati St. 
free technical literature 


we also invite stainless 
steel parts. As an indication of accuracy, we 
are currently pressing AGMA commercial class 
4 spur gears. Send a part print for evaluation. 


Dayton 8, Ohio 


A PROVEN 
DEPENDABLE SOURCE 


FOR BETTER GRADE INVESTMENT 


CASTINGS IN FERROUS AND 


ROUND, SQUARE, FLAT AND 
HALF-ROUND WIRE FOR MASS 


PRODUCTION OF SMALL PARTS 


Beryllium Copper  Bronzes 
Other Non-ferrous Alloys 
Rounded or square edges. 
Available with hot-tinned 

finish for solderability. 
Write for descriptive folder. 


LITTLE FALLS, ALLOYS 


193 Caldwell Ave., Paterson 1, N. J. 


LIST NO. 66 ON INFO-COUPON PAGE 170 


WRITE, WIRE or PHONE 
FOR YOUR CATALOG 


screws 
clean—bright—shiny— 


CORROSION | 
RESISTANT 


Star Stainiess 
have 


Srar screw co. 
647 Union Bivd., Paterson 2, N. J. 
Telephone: CLifford 6-2300 
Direct N.Y. ‘phone Wisconsin 7-904! 
Direct Phila. ‘phone WAInut 5-3660 

LIST NO. 99 ON INFO-COUPON PAGE 170 


CASTING 
Special Feature 
— Nickel content 


NON-FERROUS METALS 
held to 35% min- 
imum — 36% 


STAINLESS STEEL PART for milk 
bottling unit formerly machined 
from solid stock. 
Only finish oper- 
ations required 
ore reaming small 
dio. of counter- 
bored hole and 
drilling and tap- 
ping for set screw. 


LIST NO. 4 ON INFO-COUPON PAGE 


ELECTROMARK 


Electrochemical etcher for faster, 
better, lower 
cost permanent 
metal 
markings! 
f 


May 
& 


THE ELECTROMARK CORP. 
2093 E. 19th St. Cleveland 3, Ohio 


PACIFIC ENGINEERED FURNACES 
MEET YOUR TOUGH SPECIFICATIONS 


Illustrated is the discharge end of a com- 
pletely automatic Pacific Normalizing and 
Carbon Restoration Furnace with a capacity 
of 1500 Ibs. per hour and operated by only 
one man. Prepared atmosphere generator 
is at left. 


Pacific ENGINEERS... BUILD... 
SERVICE all types of industrial heating 
equipment. Our engineers are practical shop 
men with years of experience. We believe 
in followup after installation. 


FOR COMPLETE 

INDUSTRIAL 
ON OUR SERVICES 
— WRITE OR CALL 24680 Telegraph Road, Detroit 19, Michigan 


Phone: Kenwood 3-6900 
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STAINLESS STEEL 
| ft ENGINEERED 
PRECISION CASTING CO. 
-MORGANVILLE, N. J. vite 
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SPECIAL SERVICE ON HIGH SPEED STEEL apa 


FAST NATION-WIDE SERVICE 
YOUR STEEL OR OURS 


Complete Source For Forged Products Up To 4000+ 


Rings, discs, spindles, bars or special shapes to your 
specifications. 
28 Years Of Specialized Experience 


In production of high speed tool and alloy steel 
flat die forgings. 


Ample Stocks Of Steel Always On Hand 
Expert High Speed Steel Blacksmiths 


Call or write for free cost quotation on your 
forging requirements 


no 


1209 MARQUETTE ROAD + HENDERSON J-0320.~ CLEVELAND, OHIO 


LIST NO. 159 ON INFO-COUPON BELOW 


Need Help Designing That Aluminum Extrusion? 


TEAM UP 
with JARL 


THERE'S A 
WORLD OF 
DIFFERENCE 


EXTRUSIONS | 


The difference starts the moment you meet 
the Jarl salesman. He's an engineer .. . 
well qualified to make on-the-spot rec- 
ommendations in designs. Team up with 
Jarl and you'll get the right shapes made 
to most exacting design specifications. 
You'll be sure of close die control .. . 
quality safeguards every step . . . on-time 
deliveries. Send for our stock die catalog 
or send rough sketches for assistance with 
your design. 


ANODIZING 


JARL EXTRUSIONS, INC. 
Dept. MP, Linden Ave. + East Rochester, N. 
LIST NO. 165 ON INFO-COUPON BELOW 


| WHITELIGHT | 
MAGNESIUM 


your comprehensive independent 
mill source of magnesium alloy . . . 


RODS 

BARS, STRIPS 
SOLID SHAPES 
TUBING 4" 
HOLLOW SHAPES .. 
PLATE and SHEET... 


WHITE METAL ROLLING 


& STAMPING CORP. 
82 Moultrie St., Brooklyn 22, N.Y. 
Factories 
Brooklyn 22, N. Y. 
Sales Offices 
443 Fourth Avenue, New York 16, N. Y. 
So. Buffalo St., Route 15, Warsaw, Ind. 


LIST NO. 67 ON INFO-COUPON BELOW 


dia. to 61/2" dia. 
022” min. to 7%" max. 
022” min. to oA. circle 
0.D. to 6” O.D. 
V4" to 6," circle 
092" to 3” thick 


Warsow, Ind. 


ARE YOU 

A MAN WITH 
PA THEORY... 


. that an aluminum extrusion is the 
practical approach to a functional metal 
parts application . .. at a savings in time 
and money, and without loss in quality? In 
fact, the properties — you theorized — of 
extruded aluminum would even be better’ 
If so, G.E.1.'s engineers are ready to consult 
with you — without obligation, on one part 
or a million — to determine how practical 
your idea is. G.E.I. engineers specialize in 
adapting extruded aluminum to mew func- 


tional roles. 


LAKE PARK RD., YOUNGSTOWN, OID. STerting & 
souri, S. lliinois Representative: Frank Ma 
., 4378 Lindel! Bivd., St. Lovis 8, Mo 
higan Representative: Howard 8. 
5842 Kentfield Ave., Detroit 23, Mich. 
thern Distributor: General Extrusions 
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GET A BID FROM 


HOOVER 


SPECIALISTS IN THE FIELD OF 


Die Castings 
SINCE 1922 
Aluminum and Zinc 


Die Castings Division 
North Canton, Ohio 
In Canada—Hamilton, Ontario 
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READERS’ INFO-COUPON SERVICE, METAL PROGRESS 


7301 Euclid Avenue, Cleveland 3, Ohio 


Please send further information, as checked at the right, on the advertisements in the 
Bulletin Board with numbers | have listed below— 


Send Catalog 
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(Please check) 
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Metal Progress is now 
in its fifth year as 
one of our clients 


Cg 


The Eastman Editorial Research Service is a 
critical and advisory service to publishers 
for the sole purpose of developing and main- 
taining better readership. 


Exclusive to one publication in a field. 


Use of the Eastman service by Metal Progress 
is an implied guarantee to its readers of 
continuing editorial progress. 


The Eastman Research Organization 
500 Sth Avenue @ New York 36, N. Y. 
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SQUEEZE PLAY FAILS SCORE AGAINST WEIRKOTE 


Crun-n-n-ch! 
For brutal, iron-jawed pressure, a steam shovel has few equals. Here, in this crushing 
grip, Weirkote’s zinc coating undergoes a murderous test. 


Yet at every crease, at every tortured angle of this crumpled mass, the zinc remains an 
integral part of the steel. There is not one sign of flaking anywhere! 


No wonder strenuous forming operations such as lock seaming are child's play, for 
Weirkote can be worked to the very limits of the steel itself! 


No wonder parts fabricated from it require no painting, plating or redipping to guard 
against corrosion. Weirkote parts can be stamped, drawn or spun well in advance of use, 
and stored without danger of rust. 


And NOW, Weirkote is treated to inhibit wet storage (white oxide) stain. 
Why not find out what Weirkote’s benefits can mean to you? 


Free Weirkote Booklet! Send for all the facts on Weirkote. Write 
Weirton Steel Company, Dept. S-6, Weirton, West Virginia 
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Here’s the kind of 


service you get... 
with HONEY WELL instrumentation 


Bill Lewis, typical service engineer, proves 
how you can depend on Honeywell for fast, 
on-the-spot service even in emergencies. 


3 It took Bill two hours to drive to the plant through the 
storm. He spotted the trouble immediately; a thermo- 
couple and its protecting tube had burned out. It might 
have meant four to five thousand dollars’ worth of 
damage. 


Honeywell service be- g . e Preliminary engineering, even before specifications are written. 


gins when you first e Application engineering for installation and startup. 


decide you need instru- e Service engineering help from your nearby Honeywell branch. 


ments, and continues © Periodic service and swift help in emergencies. 


long after they re Z e Training of your operators at the Honeywell Instrumentation 
installed. It includes: ; Education Center. 
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| Bill Lewis, service engineer at Honeywell's Fort Wayne 

branch, was in his garage, touching up the paint on his 
13-foot outboard. The bowling match had been called 
off that night because of the snowstorm, and Bill was 
glad to be home. 


NPG = 


4 


pr 


4 Bill didn't have a thermocouple with him that would 
fit, so he improvised a temporary couple and protecting 
tube and got the system going. Early the next morning he 
called the Honeywell branch in Indianapolis and had the 
correct thermocouple and tube shipped quickly to the plant. 
Next day, he carefully checked out the entire installation. 


Around-the-clock help in emergencies is 
but one of many Honeywell services 
that give you extra value for your 
investment in instruments. Get the 
complete service story from your near- 
by Honeywell field engineer. He’s as 
near as your phone. 


2 At 9:30 a call came from the Crosby Loughlin 
Division of American Hoist and Derrick Company in 
Fort Wayne. A controller on a galvanizing kettle 
wasn't working and unless it was fixed fast, the pot 
would either freeze or burn out. Bill said he would 


p be out right away. 


5 Now, Crosby Laughlin Division is signed up with 
the Honeywell Periodic Service Plan, and its complete 
instrumentation is checked and serviced every month. 
Any spore parts needed are now available at 
Honeywell's Fort Wayne branch. Bill hasn't had to 
moke another emergency call to the plant since. 


MINNEAPOLIS-HONEYWELL REGULATOR CO., 
Industrial Products Group ... Brown Instruments, 
Wayne and Windrim Avenues, Philadelphia 44, Pa. 


Honeywell 
Fite 


> 
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Hydrogen in 
Steel Mill Slags 


Digest of “Hydrogen in Steel- 
making Slags”, by J. H. Walsh, 
J. Chipman, T. B. King and 
N. J. Grant, Journal of Metals, 
A.I.M.E., Vol. 8, November 
1956, p. 1568-1576. 


HE DIFFICULT PROBLEM of de- 
termining hydrogen in steel mill 
slags is fully reviewed in this paper. 


Methods and equipment to carry 
out this determination, the technique 
of establishing the blank correction, 
and the calibration of the apparatus 
are described in detail. All work 
was done in a vacuum furnace de- 
signed to minimize contamination 
from water vapor in air or the ma- 
terials of which the furnace was 
constructed. 

Calibration was accomplished by 
determining the hydrogen evolved 
from minute amounts of borax 


NEW MODEL 420 BREW HIGH VACUUM FURNACE 


successfully completes its first 


in-plant production runs. 


2200°C (3992°F) continuous operation 
—at a vacuum of .01 to .05 microns 
— is provided by the BREW 420 High Vacuum Furnace for 


sintering, brazing, bright annealing and melting. 


RIGHT: 


Drawing of high temperature heating ele- 


ment assembly, showing double-clamped elements 
(3” dia. x 6” high) made of tantalum, tungsten or 
molybdenum. No refractory materials are used in the 


BREW Model 420. 


designed and manufactured by 
VACUUM FURNACE DIVISION 


RICHARD D. 


BREW & 


co., INC. 


100 AIRPORT ROAD 


CONCORD, NEW HAMPSHIRE 


Specification pages completely describing the 
BREW Model 420 Vacuum Furnace will be mailed upon request, 


(NA,B,O;* 10H.O), which contains 

% hydrogen. Small amounts of 
this compound were added to slag 
samples. This practice answered 
two questions: whether all the hy- 
drogen contained in the slag sample 
was released and whether all the 
hydrogen released reached the gas 
analysis section. Molten synthetic 
slag samples containing 40% CaO, 
40% Si0. and 20% Al.O, were 
treated at 1370 to 1550° C. (2500 to 
2820° F.) with a mixed gas contain- 
ing controlled mixtures of water 
vapor, hydrogen, and nitrogen. This 
was done in a special vertical Globar 
tube-type furnace. To assure ap- 
proach to equilibrium on both sides, 
the slags were held at temperature 
for six hours in air or steam, respec- 
tively, for runs with increasing or 
decreasing hydrogen content. The 
treated slags were then quenched in 
mercury or water and later analyzed 
for hydrogen. About 5 to 6 hours 
were required for saturation of the 
slags with hydrogen. 

Analyses of the synthetic slags 
showed that the hydrogen content 
in parts per million (0 to 80) varied 
directly as the square root of the 
partial pressure of the water vapor 
present at the time of slag treatment. 
The amount of hydrogen absorbed 
by the slags was entirely dependent 
on the partial pressure of the water 
vapor in the gas stream and ap- 
parently quite independent of the 
partial pressure of hydrogen in the 
gas mixture. Dry mixtures of ni- 
trogen and hydrogen caused no in- 
crease in hydrogen content of the 
slag. 

Later studies of actual industrial 
steel mill slags were then made on 
basic openhearth, acid openhearth, 
and basic electric furnace slags. 
The hydrogen content of the syn- 
thetic slags (40% CaO, 40% SiO., 
20% Al,O,) was about 70 to 80 
ppm.; a 62% MnO, 38% SiO, slag 
contained about 40 to 42 ppm.,; basic 
openhearth slag, 28 to 35 ppm.; 
basic electric slag, 19 to 24 ppm.; 
acid openhearth slag, 10 to 14.8 
ppm. Less active boils and greater 
slag viscosity in acid openhearth 
conditions are cited as possible rea- 
sons for the much lower hydrogen 
content of acid openhearth slags. 
The authors also state that the 
hydrogen in the slag is probably 
near equilibrium with hydrogen in 
the metal bath; this would indicate 

(Continued on p. 176) 


METAL PROGRESS 


i oat 
. 
By 
(« 
| 
A Sk | | 
KY) 
7 >. - ia 
ae 
High Vacuum Furnd 
174 


“New Horizons’, L&N’s Tech. 
Pub. ND46 gives data on cir- 
cuitry, and performance charac- 
teristics of Speedomax instru- 
ments. Get a copy from your 
nearest LEN Office or from Leeds 
& Northrup Co., 4927 Stenton 
Ave., Phila. 44, Pa. 
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When the stakes are high... 


“Accuracy, reliability and versatility are the 
major considerations for instrumentation here at 
Redstone,” says Fritz Weber, Chief of the Instru- 
mentation Test Section, Army Ballistic Missile 
Agency. “During tests that may involve hundreds 
of thousands of dollars in equipment, supplies and 
manpower, a failure of the data recording equip- 
ment can result in a total loss of the run. 

“In our strip chart recording room, we have 
over a hundred L&N Speedomax G modified ad- 
justable instruments. All are equipped with re- 
transmitting slidewires so that data can be fed 
into a Millisadic data system for storage and 
transmission to IBM equipment. Recorders are so 
equipped that they can be controlled from a cen- 
tral console. There, the operator can select the 
test site from which data is to be received and the 
method of data handling to be used. Before a test 
is started up, all 132 recorders can be standardized 
by a single button.” 


Vital data on Jupiter and Redstone Missile assemblies 
are supplied by 132 Speedomaz G precision Recorders. 
As part of an exhaustive testing program, these data 
help guide ABMA'’s scientists in missile-firing. 


LEEDS IN NORTHRUP 


Instruments Til Automatic Controls Furnaces 
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PUT MORE SELL IN YOUR PRODUCT 
with Riverside-Alloy nickel silver 


Riverside-Alloy nickel silver can help you make a more 
saleable product in two ways. First, by giving it a lustrous, 
lasting, ‘“‘clear-through” outside beauty that will never 
wear away. Second, by giving it astonishing inner strength, 
with resistance to wear, corrosion and fatigue. 


Riverside-Alloy offers nickel silver in a complete range 
of alloys, tempers, and anneals that can be soft-soldered, 
silver brazed, and spot and arc welded with ease. 


Let Riverside-Alloy technicians work closely with your 
engineers to choose just the right alloy for your product 
and problem from a wide selection of strips, wires, and rods. 
For more details on applications, and the name of your 
nearest Riverside-Alloy representative, write, wire, or 
call Riverside-Alloy Metal Division, H. K. Porter Company, 
Inc., Riverside, N.J. 


H.K. PORTER COMPANY, INC. 


RIVERSIDE-ALLOY METAL DIVISION 


Hydrogen . . . 


a lower hydrogen content for acid 
steel as compared to basic steel. 

Analyses of synthetic in- 
dustrial slags for hydrogen by an 
adaptation of the technique used for 
steels lead to the following general 
conclusions: 

1. The solubility of hydrogen in 
synthetic slags is proportional to the 
square root of the partial pressure 
of water vapor in the atmosphere in 
contact with the slags. 

2. Hydrogen in slags results from 
reaction of the slag with water vapor; 
slags do not dissolve significant 
amounts of hydrogen from hydrogen 
gas. 

3. Within the ranges encountered 
in practice, temperature and _ slag 
composition have minor effects on 
the solubility. 

4. Acid openhearth slags contain 
less hydrogen in practice than basic 
openhearth slags. In addition, the 
hydrogen content of acid slags re- 
mains far from equilibrium with the 
furnace atmosphere during a heat. 
With basic slags the hydrogen con- 
tent of the slag rises during a heat 
to almost the equilibrium value at 
tap. 

5. Basic electric slags are closer 
to equilibrium with the furnace at- 
mosphere, and the hydrogen content 
can decline during a heat. 

6. In all practices the slag is not 
at equilibrium with the steel but the 
carbon boil prevents the hydrogen 
content of the steel from rising. 

7. Acid slags pick up hydrogen 
from the atmosphere and_ transfer 
hydrogen to the steel at lower rates 
than basic slags. This is probably 
to be attributed to the higher vis- 
cosity of acid slags. 

E. C. Wricutr 


TEMPERATURE MEASUREMENT 


Industrial temperature meas- 
urement with thermocouple py- 
rometers, with total radiation and 
optical pyrometers, with resist- 
ance thermometers and filled sys- 
tems thermometers. W. E. Bel- 
cher, Jr., D. Robertson, W. F. 
Hickes—64 pages—6x9— illustrated 
—paper cover—$1.00. Clip and 
send to Technical and Engineer- 
ing Book Information Service, 
7301 Euclid Avenue, Cleveland 
3, Ohio. 
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THIS DESPATCH FINISHING SYSTEM PROVIDES 
MAXIMUM PRODUCTION with MINIMUM MANPOWER 


Overhead conveyor (photo at 
left) carries component parts 
500 feet through a three-stage 
washing cycle, a drying oven, ao 
paint spray booth, and the boke 
oven shown here. 


Spray booth (lower photo) where 
each part is painted from op- 
posite sides, features two water 
curtains and an air replacement 
system. 


Semi Automatic Operation Speeds Work Flow 
for Office Furniture Manufacturer 


Fifty thousand pounds a day production with 


only nine employes—that’s the potential for the 
DESPATCH Finishing System recently installed 
in the new 37,000-square-foot Art Steel Com- 
pany, Inc., plant at Los Angeles, Calif. 

Consistent surface texture, even color, with a 
finish that is neither soft nor brittle and well 
bonded to the metal, are basic requirements for 
high quality in the manufacture of high quality 
steel office furniture. Only accurate timing and 
temperature controls, possible 
with DESPATCH equipment, 
are equal to the job. The cus- 
tom-built installation shown, 
above, was planned to meet all 
requirements. 


and 


619 S. E. Eighth St., Minneapolis 14, Minn. 
Sales and Service in All 26 Principal Cities 


PIONEERS IN ENGINEERING FINISHING SYSTEMS FOR 


Occupying only one-sixth the total plant area, 
reliable DESPATCH equipment keeps produc- 
tion moving through each finishing stage with 
less than one hour required for the entire finish- 
ing operation. 

aybe you are launching a new product .. . or 
wish to pep up appearance of an existing prod- 
uct. Whether you sell to industry or Mr. and 
Mrs. Consumer, let DESPATCH’s experience 
in evaluating, recommending and creating com- 
pletely engineered finishing systems help solve 
your particular problems. There’s a DES- 
PATCH-trained resident engineer near you! 


Write today for Bulletin 51P 


16 colorful 
production 


es on modern ways to achieve better finishes, faster 
smoother handling of metal products. . . at lower cost. 


INDUSTRY 
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Mild Steel in Nuclear 
Applications 


Digest of “Low Manganese 
Steels for Nuclear Applica- 
tions”, by H. F. Beeghly, Jour- 
nal of Metals, A.I.M.E., Vol. &, 
December 1956, p. 1664-1670. 


HE ADVENT of nuclear engineering 
and technology has brought 
about many new ideas and new 
methods in processing and fabrica- 


tion. Most of these innovations had 
to do with the “new” metals, such 
as zirconium, hafnium, beryllium, 
uranium, plutonium and their alloys. 
But now, the stalwart of our time, 
mild steel, is yielding to the new 
demands of the atomic age. It ap- 
pears that mild steel can be pro- 
duced with a reduced cross section. 
This does not refer to the cross- 
sectional area of an I-beam, but to 
the physical property known as the 
microscopic absorption cross section 


GAMMA RADIOGRAPHY 
THROUGH 9 INCHES OF STEEL! 


Nuclear Systems’ Model 1060 Multitron, an industrial gamma 
radiography machine, gives results faster than a 1,000,000 volt 
X-ray machine and comparable to those of a 2,000,000 volt X-ray 
machine . .. at a small fraction of X-ray machine cost. 


The Model 1060 is designed to safely handle up to 1,000 
curies of Cobalt 60. Provided with completely fail-safe automatic 
controls, the beam-producing 1060 is operated from a remotely 
located console and is capable of making radiography exposures 
through nine inches of steel and upwards. 


Dominion Foundries and Steel, Limited, Hamilton, Canada, 
uses the 1060 successfully and efficiently for quality inspection 


of extremely heavy steel castings. 


Call on Nuclear Systems for your radiography equipment 
needs. Offices in Philadelphia, Chicago and San Francisco. 
Sales representatives in principal cities. Catalog on request. 


Visit our booth at the Atom Fair, Chicago, March 17-21. 


NUCLEAR SsvsTEms| 


A DIVISION OF THE BUDD COMPLNY. Philadelphia 32 


for the thermal neutrons. This 
property is measured in units of 
barns (one barn equals 10°** sq.cm.). 

Assuming that a large cross sec- 
tion, just like overweight, is unde- 
sirable, it is shown that manganese 
is the major offender common to all 
grades and types of steels. Manga- 
nese, with a cross section of 12.0 
barns, is present from about 0.25% 
in low-carbon steel to about 2.5% 
in 18-8 type stainless steels; no other 
element has a cross section greater 
than 2.4 barns which is the cross 
section for iron. Aside from lowering 
the cross section, a reduction in 
manganese content would be advan- 
tageous in all applications of mild 
steel where sources of radioactive 
isotopes must be kept at a minimum. 
Manganese is the major source of 
high-energy radioactive isotopes in 
common steels. It is the presence of 
radioactive isotopes created during 
the exposure of the metal to neutrons 
that makes the postirradiation ex- 
amination and study of all materials, 
including mild steel, so difficult. De- 
pending on the level of induced 
radioactivity, all post-irradiation tests 
must be performed by remote con- 
trol. The difficulties may be visual- 
ized by considering the operations 
that are needed to produce one 
satisfactory photomicrograph. Even 
etching solutions which worked well 
for pre-irradiation samples may not 
be useful at all for postirradiation 
samples of the same material. 

In this paper the author presents 
the results of pre-irradiation stand- 
ard tests to evaluate experimental 
heats in which the manganese con- 
tent was reduced to 0.10 to 0.15% 
and was replaced by titanium or zir- 
conium with aluminum. The latter 
two elements have the very desirable 
low cross sections of about 0.2 barn, 
while titanium has a cross section of 
5.6 barns but has been added to the 
steel in very small amounts (in many 
cases less than 0.25% by weight). 
Each heat (openhearth) was cast 
into a 7000-lb. ingot and converted 
to a finished product on full-size mill 
equipment under customary pro- 
cessing conditions for comparable 
grades with normal 
content. 

The purpose of the program was 
to develop substitutes for three 
common grades of mild steel: first, 
the boiler plate grade A 212 B; sec- 
ond, grade A 106 commonly used 

(Continued on p. 180) 
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The positive TO control lets the radiographer 
stand well away (up to 50 feet) from the cast- 
ing as he drives the “pill” into radiographic 
position. 


The man up there radiographing that 2” thick 
steel casting down there will have the job 
done in four minutes. 


He’s doing the job with 50 
curies of Iridium 192 corried 
in this TO412A mobile radi- 
ography unit. 


That's how fast modern gamma radiography is. 


The isotope he’s using (Iridium 192) will give him 

2% sensitivity, too. Matter of fact, you can easily 

get 2% sensitivity in sections up to 6” of steel, 

brass, copper, bronze . . . even lead . . . when you 

match the isotope to the job. 


Makes no difference what you make or buy or sell 25 South Broadway, White Plain, M. ¥. 
(plastics, light metals, fabricated parts, assemblies— 
the list is endless) if it needs radiographic 

“seeing into” for quality control, we have the machine 
(gamma or x-ray) to do it most efficiently. 


If you are confronted by an inspection problem 

why not let our consulting radiographers see what they 
can do for you? It will cost you nothing, may save 
you a lot. Call your local Picker* representative or 
write us outlining the situation. 


One “shot” radiographs the entire girth of 
the casting. Picker Flexible Film Holders are 
quickly taped on, quickly removed. 


*There’s probably a Picker district office 
near you (see your local phone book). 


R x-ray units—5 to 50 KV, 150 KV (stationary and mobile), 270 KV 260 KV 
diffraction apparatus, rayproof inspection cabinets. portable, heavy-duty, x-ray 


ACCESSORIES . . . films, tanks, darkroom sundries, illuminators, everything. 


units for isotope radiography ces, equipment, containers for Iridium 192 Cesium 197 
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minutes does if 
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. 
PICKER. stop for ‘Svorything in industrial fluoroscopy and radiography 
| ANDREX lightweight portable x-ray units—130 KV, 160 KV, 200 KV, 260 KV ond Androscope X-ray Stress Analyzer. 
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complete set-up for 
heat-treating small tools 


Contains a pre-heat furnace, a high-heat furnace 

and quench tanks in a unit designed for convenient 

positioning in your shop. Furnace sections are equip- 

ped with casters. 

Temperature range permits treatment of all high 

speed steels including cobalt type. 

Waltz small tool furnaces are “money makers” in 

many shops throughout the country. Enjoy the lucra- 

tive advantages of heat-treating facilities right in 

your own shop. 

A complete line of Waltz standard or special heat- 

; treating furnaces using all types of fuels are built to 

furnace furnace: quench: suit your requirements. Write for comprehensive illus- 


tanks ( side - by - side ) trated bulletins. 
positioning 


CHOICE 


furnace vquench tanks - DISTRIBUTOR Please send 
furnace (side by. side ) 
- NOW OPEN— NAME 


WRITE TODAY 


positioning 
COMPANY. 


—— STATE. 


SYMMES STREET 
OHIO 


Mild Steel . 


for seamless pipes; and third, the 
low-alloy high-tensile grade A 242. 

Elevated-temperature tensile data 

(up to 1300° F.) show that the low- 
manganese material was generally 
stronger and somewhat less ductile 
than comparable grades with normal 
manganese content. The  low- 
manganese steels are also less sus- 
ceptible to strain aging. Weldability 
tests were made by joining the low- 
manganese steels to commercial 
A212 plate and to stainless steel 
Type 347 and Type 304. Subse- 
quent mechanical tests showed that 
the low-manganese material welded 
as well as or better than comparable 
commercial normal manganese 
grades. The effect of hydrogen on 
the low-manganese grades was not 
studied and postirradiation data 
will be reported at a later date. 

F. ForscHer 


NONMETALLIC INC LUSIONS 
IN STEEL 

A survey of the nature and 
origin of the common types of 
nonmetallic inclusions. Gives the 
origin of inclusions ingots 
under all conditions. M. Baeyertz 
— 130 pages — cloth — 6x9 — 
$4.00. Clip and send to Techn - 
cal and Engineering Book Info, 
mation Service, 7301 Euclid Ave- 
nue, Cleveland 3, Ohio. 


Isolating Inclusions 
in Steel 


Digest of “A New Electro- 
lytic Cell for Isolating Carbides 
and Nonmetallic Inclusions in 
Steel”, by N. Backstrom, S. 
Heiskanen, and U. Ilme, Jern- 
kontorets Annaler, Vol. 140, No. 
10, p. 812-815; translated and 
digested in Engineers’ Digest, 
Vol. 17, December 1956, p. 523, 
530. 


N THE CouRSE of experimental in- 

vestigations on the structure and 
constitution of ferrous alloys it is fre- 
quently desirable to isolate samples 
of carbides or nonmetallic inclusions 
for examination and analysis. The 
method most commonly used is elec- 
trolytic dissolution under conditions 
permitting selective solution of the 
matrix structure leaving the carbide 

(Continued on p. 182) 
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Inclusions .. . 


and inclusion particles as an undis- 
solved residue. Final separation of 
carbide particles from inclusions may 
be accomplished by chlorination and 
volatilization under vacuum. 

Because of certain unsatisfactory 
characteristics of existing methods 
the authors developed a new type of 
electrolytic cell to meet the follow- 
ing requirements. 

1. Uniform dissolution of the part. 

2. Accessibility of the specimen for 
removal of loosely adherent particles. 

3. Suitable arrangement for col- 
lection of particles not adhering to 
the specimen. 

4. Good visibility of the specimen. 


5. Provision of a protective atmos- 
phere in the cell. 

6. Possible utilization of a variety 
of electrolytes. 

7. Provision of continuous recircu- 
lation or renewal of the electrolyte. 

8. Provision for measurement and 
the control of pH of the electrolyte. 

9. Ease of operation. 

In the newly designed cell the 
cathode consists of a platinum wire 
coil surrounding the anode or spec- 
imen. This arrangement provides 
for uniform current density and 
more uniform dissolution of the speci- 
men. During electrolysis the isolated 
particles, as they separate from the 
anode, are collected on a filter or in 
a settling reservoir while the elec- 
trolyte is constantly circulated 
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BROTHERS OVENS 


A wide variety of standard and special Young Brothers Ovens 
and Furnaces are available to meet your specific needs for 
Annealing and Tempering, Drying and Impregnating, Aging, 
Normalizing, Stress Relief, Preheat, Homogenizing and many 
others. They are engineered and built to meet the most exacting 
requirements and they are backed by more than 60 years of 
experience devoted to the development of Batch and Conveyor 
Ovens for new processes, materials and products. 


Exclusive features of Young Brothers Ovens lead to savings in 
production time, prevention of loss of material and product 
improvement. Experienced engineers are available for con- 
sultation without obligation. Write for Bulletin 157. 


YOUNG BROTHERS COMPANY 


1829 COLUMBUS ROAD e 


CLEVELAND 13, OHIO 


through the apparatus. Anode and 
cathode compartments are separated 
by a cellophane diaphragm which 
provides suitable conductivity when 
immersed in the aqueous electrolyte. 
If it is desired to use different solu- 
tions in the anode and cathode com- 
partments the arrangement of the 
cellophane diaphragm can be ap- 
propriately altered. A glass cooling 
or heating coil maintains desired 
temperatures during the electrolysis. 
A protective atmosphere can be in- 
troduced into either the upper or the 
lower part of the cell, serving in the 
latter case as a means of agitation. 
When weak non-complex-forming 
acids are used, pH control is fre- 
quently desirable. The pH is meas- 
ured by a potentiometer connected 
to electrodes inserted into the cell, 
and a burette is provided for acid 
or alkaline additions as needed to 
control the pal. W. W. Austrix 


Tungsten and Titanium 
Steels Containing 
Boron 


Digest of “Properties of Some 
Tungsten and Titanium Steels 
Containing Boron”, by A. Ban- 
erjee, D. K. Sood and P. Mehta, 
Transactions, Indian Institute 
of Metals, Vol. 9, 1955-56, p. 
143-160. 


ost of the voluminous literature 

on boron steels relates to the 
effect of boron on steels used in the 
heat treated condition. There is 
little information concerning _ its 
effect on low-carbon low-alloy steels 
in the hot rolled or normalized con- 
dition. This paper describes the 
properties of low-carbon tungsten 
and titanium steels containing boron 
and points out their close similarity 
to low-carbon molybdenum steels. 


| 


ALLOY CONSTRUCTIONAL 
STEELS 


Five sections with numerous 
illustrations, graphs, and charts. 
Well indexed both from a stand- 
point of subject matter and au- 
thor references. A truly valuable 
reference work. H. J. French, F. 
L. LaQue—300 pages—6x9—red 
cloth—illustrated—$4.50. Clip and 
send to Technical and Engineer- 
ing Book Information Service, 
7301 Euclid Avenue, Cleveland 
3, Ohio. 
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Hundreds of red-hot wrenches per hour 
formed and broached with 57 HW 


Forming and broaching twelve-point 
openings in bex wrenches from red-hot 
alloy steel bars is a job that calls for a 
hot-work tool steel having a high red- 
hardness . . . good resistance to abrasion 
. and the ability to take shock. 

Our 57 HW grade meets these tough 
at P&C 
Tool Co., Milwaukie, Oregon. Hardened 
to Rockwell 


wrenches from rounds of special alloy 


requirements—and then some 


C-50, the die turns out 


steel, similar to 4140 grade. After pro- 
ducing approximately 3500 wrenches, the 
punches and dies are polished with an 
emery roll, putting them in good shape 


for some more of the same rugged service. 
£2 


57 HW is our 9 pet tungsten type of 
hot-work tool steel. Hardened in air, it 
has both high red-hardness and high 
abrasive-resistance. Moreover, it offers 
good resistance to heat-checking, and 


more than holds its own in resisting shock. 


Typieal Analysis 
Carbon 0.35 Tungsten 9.35 


Chromium 3.25 Vanadium 0.50 


57 HW is ideal for a variety of hot-work 
applications—everything from hot head- 
ers to spike cutters, from punch-and-die 
inserts to nut piercers. Why not let a 
trial run convince you? Your Bethlehem 
tool steel distributor is awaiting your eall. 


BETHLEHEM TOOL STEEL 
ENGINEER SAYS: 


Take a Good Look 
At Your Grinding Marks 


Some people are surprised to learn that 
grinding marks often play a big part in 
determining tool life. This is especially 
true with deep-hardening dies and 
punches that have a moving contact with 
metals under high pressures. Although 
the surface finish of a ground tool may 
appear smooth, it actually has a saw-tooth 
contour. Material moving in the same di- 
rection as the grinding marks shows less 
tendency to “pick-up” or adhere, than 
material which travels across the grind- 
ing marks. 

This “pick-up” of material is not de- 
sirable on such tools as drawing dies. 
Here it is advantageous to grind in the 
same direction as the material is to move. 
On some types of tools this kind of grind- 
ing is diflieult, but because of the longer 
tool life obtained, the effort is worthwhile. 

Punches which have been ground longi- 
tudinally outlast those which have been 
ground circumferentially, though the lat- 
ter is by far the most common method. 
Here, too, longitudinal grinding pays off, 
even though it may be inconvenient. 

It’s well to give serious thought to the 
direction of grinding on tools. It ean 
make a big difference in getting the best 
possible tool life. 


It’s just off the press 


a completely new 
two-color booklet on Beareat tool steel. 
The booklet is profusely illustrated, and 
explains fully why Bearcat is such an 
outstanding grade for a wide variety of 
shock applications. If you would like to 
have a copy for reference, write to Publi- 
eations Dept., Bethlehem Steel Company, 
Bethlehem, Pa. Ask for Booklet 458. 
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WHY CLOCK WATCHERS 
NEED GEVAERT MOST! 


Machine and interpretation time can clock 


up wasted hours if you're using ordinary 
X-ray films. But you'll never waste time 
when you rely on Gevaert’s deep, critical 
gaze. Even the faintest detail is registered 
... delicate tones and shades are clearly, 
cleanly defined and separated. No matter 
how deep the fault lies, SrRUCTURIX X-ray 
film will probe through and find it for you. 
Radiographs on any Gevaert X-Ray film 
are clear, fast and easy to read. Gevaert 
products have been quality-made since 


1894, Have you tried them yet? Just drop 
us a line for full information. 
HAVE YOU TRIED THESE STRUCTURIX 
X-RAY FILMS? 

D4—A safety film with contrasty emulsion 
and light blue base... for use without in- 
tensifying screens or with metal screens. 
D7 — Faster, with very high definition and 
contrast... for inspection of light metals 
that are medium to fairly thick, or thin 
and medium sections of heavy metals... 
and for gamma radiography. 


SALES OFFICES AND WAREHOUSES AT 
321 West 54th Street, New York 19, N. Y. 
6601.N. Lincoln Ave., Lincolnwood, Ill. (Chicago) 
6370 Santa Monica Bivd., Los Angeles 38, Calif. 


THE GEVAERT COMPANY OF AMERICA, INC. oe 


in Canada: Gevaert (Canada) Limited 
345 Adelaide St., West, Toronto 2-B, Ontario 


Boron Steels . . . 


These steels, developed primarily 
to provide weight-saving structural 
materials, used alloy additions to 
increase strength properties without 
sacrificing ductility. In the present 
investigation, it was desired to com- 
pare the properties of such steels 
containing boron with those of the 
regular low-carbon low-alloy struc- 
tural steels that do not contain 
boron. 

Preparation of Heats. Experimen- 
tal heats, with 0.003 to 0.005% 
boron, were prepared in a 20-lb. 
basic-lined high-frequency induction 
furnace and cast into 2 x 3 x 8-in. 
hot-topped molds. The ingots were 
forged into %4-in. square bars or 
%-in. thick plate for testing. Com- 
positions chosen made it possible to 
compare the effect on mechanical 
properties (determined after normal- 
izing at 1690°F.) of increasing 
amounts of molybdenum, tungsten 
and titanium in the presence of 
boron. 

Mechanical Properties. Increasing 
the molybdenum content from 0.40 
to 0.60% of 0.12% C steels with 
0.005% raised the _ tensile 
strength by 50% without  signifi- 
cantly lowering the ductility. How- 
ever, impact properties dropped 
sharply. With over 0.60% Mo, the 
yield ratio tended to drop with in- 
creasing molybdenum content even 
though a tensile strength of 80,000 
psi. was maintained. Since neither 
boron nor molybdenum alone had 
the same effect on mechanical 
properties, the high strength was 
attributed to their combined effect. 

In a parallel study of the influence 
of tungsten (other variables un- 
changed), an _ ultimate tensile 
strength of 80,000 psi. was reached 
at 1.4% W as compared to 0.6% Mo. 
The relative proportions of tungsten 
and molybdenum needed for the 
same level of tensile strength is on 
the same order of magnitude as 
previously reported by Bain and 
Gensamer for the ferrite strengthen- 
ing effects of these two elements. 

The effect of increasing titanium 
content on the mechanical proper- 
ties of a low-carbon steel containing 
0.005% B was also studied. With 
conventional normalizing at 1690° F., 
increasing the titanium content to 
0.40% Ti had no marked effect on 

(Continued on p. 186) 
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HEAT-TREATING JET ENGINE PARTS 


A wide variety of J57 Turbo-jet aircraft engine 
parts are being heat treated in four large Sunbeam- 
Stewart Roller-Hearth furnaces at the world's 
largest aircraft engine plant in Chicago. Built 
for Ford Motor Company, Aircraft Engine Divi- 
sion, the furnaces feature four zones of tempera- 
ture control. Each furnace has overall dimensions 
of 87 feet in length by 10 feet in width by 15 
feet in height. The continuous roller chain drive 
provides for a speed range of 6 feet per hour 
minimum to 24 feet per hour maximum. Speed- 
up drives move work loads through the zone 
doors quickly. Work is conveyed through the 
furnace by power-driven alloy rollers which may 


be removed without shut-down. The roller bear- 
ings are water cooled and automatically lubri- 
cated. Every precaution has been taken to mini- 
mize down time. 

Sunbeam Stewart roller-hearth furnaces are 
widely used for applications requiring continu- 
ous high production. They are readily adaptable 
to the automatic handling of work and to special 
cycles for heating and cooling. 

Whether your requirements call for the instal- 
lation of a “big one” like the roller-hearth fur- 
nace shown above or a complete heat treating 
department or production line, Sunbeam can 
handle the job. See Sunbeam first. 


58 YEARS OF MAKING FURNACES FOR INDUSTRY 


al ac OR. 


Dept. 108, 4433 West Ogden, Chicago 23, Illinois 
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Boron Steels . . . 


strength properties. When normal- 
ized at 2010° F. significant increases 
(40 to 50%) in the yield strength 
and ultimate tensile strength oc- 
curred, The effect of high normal- 
izing temperature on tensile prop- 
erties of titanium steels is in 
agreement with earlier studies. 
Precipitation Hardening. A study 
of the binary diagrams of iron al- 
loyed with molybdenum, titantium, 
tungsten and boron reveals that all 
of these elements exhibit decreasing 
solid solubility with decreasing 
temperature, a well-known requisite 
for precipitation hardening. Boron 
probably forms a_ substitutional 
solid solution in ferrite but an inter- 
stitial solid solution in gamma iron. 
As a substitutional element, boron 
promotes a strength increase in fer- 
rite similar to most of the usual 
alloying elements in steel. Since 
boron can also induce precipitation 
hardening in iron, the total strength- 
ening effect is probably a combina- 
tion of the substitutional effect and 


a precipitation hardening effect. 
Molybdenum, tungsten and titanium 
also produce precipitation hardening 
alloys with iron. It is therefore 
reasonable to assume that the pre- 
cipitation effect of these alloying 
elements is further accentuated by 
boron. 

On the basis of these assumptions, 
experiments were made to determine 
if precipitation effects occurred in 
the low-alloy high-strength boron 
steels containing molybdenum. Bor- 
on steel specimens with molybdenum 
ranging from 0.08 to 1.46% were 
homogenized at 1470, 1650, and 
1830° F. for 1 hr., aged for 3 hr. 
from 212 to 1470° F. and tested for 
hardness. No precipitation harden- 
ing was observed for the boron 
steels with 0.08 and 0.17% Mo. It 
appeared at 0.34% Mo, was most 
pronounced at 0.40% Mo, dropped 
at 1.0% Mo, and disappeared at 
1.46% Mo content. Microscopic ex- 
amination of the specimen with 
0.45% Mo showed that the aging 
treatment induced a finely divided 
precipitant clearly visible in the fer- 
rite grains. 


Welding. The low-carbon boron 
steels with molybdenum, tungsten 
and titanium are readily weldable. 
Tests performed on the experimental 
steels showed that tungsten-boron 
and titanium-boron steels compare 
favorably in weldability and in 
cracking to the molybdenum-boron 
steels. 

Effects of Additions on Ferrite. 
Gensamer has shown that the effect 
of carbon in steel may be visualized 
as a reinforcement resulting from 
the interruption of the path of ap- 
plied stress through soft ferrite by 
the presence of hard cementite 
particles. This strengthening effect, 
according to him, far outweighs that 
produced by the introduction of al- 
loying elements into solid solution 
in ferrites. In the absence of carbon, 
however, molybdenum, tungsten and 
titanium dissolve in and strengthen 
the ferrite by expansion of the lattice 
parameter. These elements also re- 
tard the austenite-ferrite transfor- 
mation and produce a fine pearlitic 
structure at relatively slow rates of 
cooling. 

Tungsten is about one-half as ef- 
fective at strengthening ferrite as 


Molecular Sieve Super-Dryers 


To Remove: 1. MOISTURE 
2. CARBON DIOXIDE 
Solve your atmosphere problems as leading electronics and 3. HYDROGEN SULPHIDE 


aircraft firms do — with Sargeant & Wilbur's new molecular 


sieve super-dryers. 


4 
These modern multi-chamber dryers maintain dewpoints as & 
low as —130°F. They absorb gaseous impurities and reduce 


residual ammonia in dissociated ammonia atmosphere to 
less than .0000015 P.P.M. This enables you to take full 
advantage of processing with dissociated ammonia which, 
at 1/5th the cost of hydrogen, permits substantial savings. 


On Sargeant & Wilbur automatic super-dryers, just touch 
the starter button for continuous, uninterrupted service. On 
semi-automatic models which have automatic time cycle, 
chambers are manually switched from “run” to “reactiva- 


tion.” 


Modernize your drying process now with Sargeant & Wilbur 
super-dryers. Write for complete details and realistic price 


quotation. 


Standard sizes range upwards from 125 C.F.H. 


SARGEANT & WILBUR, INC. 
186 Weeden Street, Pawtucket, R. |. 


—— 


- SULPHUR DIOXIDE 
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PRetter your 
{future 


At Bettis, you'll be a part of one of the leading companies in the field of nuclear 
power research and development. You will have the opportunity to work with some of the 
most widely recognized nuclear scientists in America. As Bettis continues to set the pace in 
the expanding nuclear power industry, you'll advance too in position and salary, toward a 
successful future. 

Bettis is located in South Hills, just twelve miles from Pittsburgh. This carefully chosen 
site provides for comfortable suburban living yet is convenient to the new metropolitan 
Pittsburgh with all of its educational, cultural and recreational facilities. Bettis also offers a 
variety of educational opportunities, including Doctoral and Fellowship programs for ad- 
vanced study in the application of your specialty to the field of atomic energy. 

If you feel you qualify for a career in nuclear power and you are a U. S. Citizen, 
write to Mr. M. J. Downey, Dept. +A-32, Bettis Atomic Power Division, Westinghouse Electric 
Corp., P.O. Box 1468, Pittsburgh 30, Pa. 


BETTIS ATOMIC POWER DIVISION 


Westinghouse 


BETTER YOUR FUTURE AT BETTIS 
MARCH 1958 
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S PRODUCTION LINES - SPECIAL 


CONTINENTAL INDUSTRIAL ENGINEERS, INC. 


West Adams Street, Chicago 3, Illinois 


FURNACES 


COVER-TYPE ANNEALER 


Faster and More Uniform 
Heating Rate 


Extra large volume of recirculat- 
ing atmosphere. 


Highest Production per Unit 


Versatility 


Can be used for bright annealing, 
normalizing, nitriding, or sphe- 
roidizing coiled wire or strip— 
ferrous or nonferrous. 


High Efficiency 
No radiant tubes. 


Long Hood Life 


No flame impingement. 


Full particulars and 
recommendation 
for any job on request. 


“Over One-Third of a Century of Progress in 
MACHINES | 


Boron Steels 


molybdenum which, in turn, is about 
one-half as effective as titanium. 
Because of the similarity in the 
effects of titanium, molybdenum, and 
tungsten on ferrite, similar properties 
were obtained with the tungsten and 
titanium-boron steels; however, the 
cost factor favors molybdenum- 
boron steels. W. W. Austin 


THe ALLoYING ELEMENTS 
IN STEEL 


Significant appraisal of the al- 
loying elements in steel. Infor- 
mation engineers must have for 
best results. Basic reference for 
both research and application of 
steel making, Edgar C. Bain—312 
pages—6x9—red_ cloth—illustrated 
—$5.00. Clip and send to ASM 
Technical and Engineering Book 
Information Service, 7301 Euclid 
Ave., Cleveland 3, Ohio. 


Galvanic Corrosion of 


2024 Aluminum 


Digest of “Galvanic Corro- 
sion of Aluminum”, by F. Pearl- 
stein, Metal Finishing, Vol. 54, 
April 1956, p. 52-47. 


TT! AUTHOR studied the corrosion 

of 2024-T3 aluminum panels 
exposed to salt spray. One set of 
panels was left bare, another set was 
anodized in sulphuric acid and 
sealed in a sodium dichromate solu- 
tion, while the third set was ano- 
dized and left unsealed. Discs of 
various materials were connected to 
the aluminum panels in order to 
make galvanic couples. The discs 
were made of bare copper, bare 
steel, cadmium-plated copper, tin- 
plated copper, cadmium-plated steel, 
nickel-plated steel, stainless steel and 
titanium. Polystyrene discs were also 
used for corrosion control. 

The panels were examined after 
24, 72, 168 and 336 hr.-exposures 
to fe spray. They were removed 
after 600 hr. exposure and stripped 
in a solution containing phosphoric 
and chromic acids. The panels were 
then brushed with scouring powder 
and dipped in acetone. For each 
panel the loss of weight due to gal- 
vanic corrosion was determined. 

(Continued on p. 192) 
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Take a Good Look at the... 


Changing Industrial Face of the South 


Metalworking is on the move throughout the South and nowhere is industrial 
change more apparent than in the Southwest, scene of the first great Southwestern 
Metal Congress and Exposition. 

208 outstanding firms will recognize this vital industrial development by 
exhibiting in the Southwestern Metal Exposition in Dallas, May 12-16. Operating 
exhibits in big, beautiful and convenient State Fair Park will bring metal experts 
to you, to discuss your problems. 

Daily technical and practical programs during the concurrent Southwestern 
Metal Congress will present scientists and engineers in panel discussions of (1) 
High Strength Steels for Aircraft; (2) Sheet Materials for High Temperature Ser- 
vice; (3) New Fabrication Techniques; (4) Corrosion in the Petroleum and 


ATE FAIR Chemical Industries. 
This is THE event you will want to attend. Plan NOW to be in Dallas .. 


Pp AR kK make hotel reservations at the Adolphus, the Baker or the Statler-Hilton. 


pauas, texas CS Consress and 


Exposition 


MAY ] ] 6 W. H. EtseNMAN, Managing Director CuHester L. Weis, Assistant Director 


7301 EUCLID AVENUE © CLEVELAND 3, OHIO 
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Castings 


ARMASTEEL 


so tough they replace forgings 
so machinable... they reduce 
finishing costs 


MIN. MIN. MIN. % 
CLASSIFICATION CHARACTERISTICS HARDNESS TENSILE YIELD ELONGATION 


(BHN) STRENGTH (PSI) | STRENGTH (PSI) | IN 2 INCHES 


A R M A ST E E L Recommended for less highly 


stressed parts. Replaces steel 


ARMASTEEL Recommended for high degree 


of strength. Replaces heat- 


High resistance to wear and 

high yield strength, yet retains 
A R M A ST E E L machinability. Requires no 
heat-treating and possesses 
same strength and wear char- 
acteristics as alloy steel 
forgings. 


CENTRAL FOUNDRY DIVISION 
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Because ARMASTEEL castings are so machinable, so resistant to wear and shock, and so adaptable 


to selective hardening, they are rapidly replacing many parts formerly machined from bar stock or 
steel forgings. 


ARMASTEEL, a pearlitic malleable iron, possesses the same strength and performance character- 
istics usually associated with plain carbon steel. In addition, ARMASTEEL contains excellent bearing 
properties, has high yield strength, good damping capacity, maximum rigidity and excellent fatigue 
life. Accurate control of heat-treating operations in the manufacture of ARMASTEEL produces a 
fine, uniform grain structure and provides excellent finishing qualities. 


Four different types of ARMASTEEL can be cast to your specifications. One of the four (GM 84M, 
GM 85M, GM 86M or GM 88M) will have the physical properties to best meet the requirements of 
your application. For example, ARMASTEEL castings are being successfully used in the automotive, 
appliance and implement fields for such parts as gears, pistons, crankshafts, rocker arms and universal 
joint yokes, all of which utilize to best advantage the outstanding characteristics of ARMASTEEL. 


Some of these applications are shown in the table. Look them over carefully; you may find that these 
characteristics and advantages of ARMASTEEL can help reduce your costs . . . increase your pro- 
duction . . . and improve the performance of your products. 


Typical ARMASTEEL castings 


GM 66M ARMASTEEL provides the 
ideal casting for this avtomobile dif- 
ferential case becovse of its high 
Strength, minimum deflection and 
good domping quolities which con- 
tribute to quietness of operation. Note 
the as-cost internal cavity ond the 
well-formed webs. 


GM 65M ARMASTEEL provides a crank- 


shaft with mere desirable machining 

characteristics than a forged crankshaft 

of SAE 1045 steel. improves machin- 

ing of journals and reduces cheeking 

stock. Use of GM 85M ARMASTEEL 

made possible the redesign of the 
kshoft with o 


By converting to GM 85M ARMA.- 
STEEL, drilling ond boring operations 
were eliminated on this crankshoft 
sprocket. Stock in rough part wes 
reduced from 1.93 in forging to 
1.00% in casting. Customer realized 
reduced piece price with GM 85M 
ARMASTEEL. 


GM 84M ARMASTEEL wes specified for 
this socket plete journel because its micro- 
structure mokes # more easily machined 
thon steel with the same physicel proper- 


treatment. Weight of part in rough is lees 
thon comparable steel forging. 


Crankshaft for newly 
gosoline 
STEEL ified b 


engine. GM 84M ARMA- 
of 


success in similar engines Less stock 
removal and better machinability ore 
edventages over forged cronkshoft. 


This planet gear carrier wos formerly 
forged from SAE 1141 steel, which re- 
quired heat treatment efter rough mo- 
chining ond breaching operations. By 


By converting to GM 88M ARMASTEEL 
for this universal joint yoke, hole thru 
hub could be cast in 


drilling operation and red 


converting to GM 88M ARMASTEEL, heat 


port approximately 30%. GM 88M ARMA. 
wes d and the weight STEEL port hes lower piece price than 


forging formerly used. 


GENERAL MOTORS CORPORATION eo SAGINAW, MICHIGAN e¢ DEPT. 19 
MARCH 1958 
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Because of the greater physical prop- 4 
erties of GM 86M ARMASTEEL, was a » 
possible to redesign this anchor plete 
et shown and effect weight reduc- a 
tion from 2.26% per piece to 1.448 
per piece. : 
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reduction and a lower material cost. 
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Corrosion... 


There was little difference in the 
appearance of the specimens be- 
tween 24 and 72 hr. in salt spray. 
The bare panels were covered with 
white corrosion products, the ano- 
dized-sealed panels were unaffected 
and the anodized-unsealed panels 
showed light corrosion. All cad- 
mium-plated discs showed signs of 
corrosion after 168 hr. in salt spray. 
After 600 hr. exposure, all of the 


cadmium-plated discs on bare alumi- 
num were corroded to the base 
metal, the average area devoid of 
cadmium being about 40% of the 
disc area. In the cadmium-plated 
discs attached to anodized panels, 
the average exposed area was about 
3%. Where copper discs were used, 
the anodized-sealed panels were 
most severely corroded at the junc- 
tion, the bare panels showed exten- 
sive rather than intensive corrosion, 
while the anodized-unsealed panels 
displayed spotty corrosion. 


Die designed and built 
by J. Hacker Co., Inc. 
for Viking Air Products 
Division of National 

U. S. Radiator Corp., 
both of Cleveland, Ohio. 


Over 8,000,000 Air Turbine Blades... Still Going Strong! 


PRK 33 
TOOL STEEL 


4 Stage, Automatic Transfer Die 


This is an exceptional example of the fatigue life, resistance to 
wear and ability to hold an edge, al! in one die. 


No die sections have been replaced— 
proof of fatigue life. Accuracy still main- 
tained—proof of wear resistance. Aver- 
age of 609,000 pieces produced between 
sharpenings—proof of ability to hold an 
edge. 


Complete Line ot 
est grade Tool Steels, including 
PRK-33, DARWIN No. 1, NEOR, 
MINEOR, OHT, ‘‘MT6’’ and 
various grades of Hot Work 
Specialty Steels. Furnished in 
Bar Stock, Forgings, and Sand 
Castings, Drill Rod, Flat 
Ground Stock and Tool Bits. 


Bulletin on Feegueat. 


This is just one demonstration of PRK’s 
superiority. Ask for a Darwin and Milner 
engineer to show you how this outstand- 
ing material can be used to solve your 
tool steel problems. 


ARWIN & MILNER Ine. 
highest grade tol ste 


2345 ST.CLAIR AVENUE * CLEVELAND 14, OHIO 
900 MICHIGAN AVENUE COLUMBUS, OHIO 
REPRESENTED OF 
LIV STEEL & WIRE CO, CHICAGO + DETROIT + ST. LOUIS + INDIANAPOLIS « TOLEDO + MILWAUKEE 
OPP COMPANY, NEW YORE CITY + PECK STEEL & DIE SUPPLY COMPANY, LOS ANGELES 
WEBSTER, PLAINVILLE, COMM. + C. W. RINGMAM, ORLANDO, FLA. + SAM BOTER, PHILADELPHIA, PA. 


The weight losses of aluminum 
due to galvanic corrosion were 
determined after 600 hr. exposure. 
Results are tabulated for the three 
types of panels in contact with the 
various kinds of discs. Panels in 
contact with bare copper discs were 
Steel 
discs also caused severe corrosion of 
aluminum. Nickel, titanium and 
stainless steel caused aluminum to 
corrode, except where titanium was 
coupled to an anodized-sealed panel. 

This experiment thus shows that 
copper and steel are highly cathodic, 
tin is slightly cathodic, while cad- 
mium is slightly anodic to 2024 
aluminum. 


the most severely corroded. 


Consequently, tin or 
cadmium plate can be used in con- 
tact with anodized 2024 aluminum 
with little or no adverse effect. 


A. CouTure 


CorROSION OF METALS 


Five experts discuss the prin- 
cipal problems involved in cor- 
rosion. Chapters on corrosion re- 
sistance of stainless steels and 
high-nickel alloys, copper and 
copper alloys, and light metals. 
192 pages—6x9—illustrated—red 
cloth—$3.50. Clip and send to 
ASM Technical and Engineering 
Book Information Service, 7301 
Euclid Ave., Cleveland 3, Ohio. 


Iron by Direct Reduction 


Digest of “New U.S. Develop- 
ments in Direct Reduction”, by 
A. Hegarty, Iron & Steel, Octo- 
ber 1957, p. 483-485. 


HREE PROCESSES have been 

attracting attention, varying prin- 
cipally in the temperature and pres- 
sures existing in the ore reduction 
chambers. The so-called H-iron 
process is described in this issue of 
Metal Progress (p. 92); it was de- 
vised by Hydrocarbon Research 
Corp. with Bethlehem Steel Corp. 
and Alan Wood Steel Co. It re- 
duces magnetite with dry hydrogen 
at low temperature, 900° F. (to pre- 
vent agglomeration of reduced par- 
ticles) and high pressure, 400 psi. 
(to speed the reaction). 

The U.S. Steel Corp. has a pilot 
plant at South Chicago, but no offi- 
cial announcement has been made of 
the progress at this point. From 
patent applications and unofficial 
sources, it is believed that somewhat 
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ANOTHER SATISFIED CUSTOMER ASKS FOR MORE 


INDUSTRIAL STEEL TREATING CO. AGAIN SELECTS PROFITABLE 


KARBO-MATIC 
FURNACE 


... MAINTAINS MIL-SPEC UNIFORMITY 
AT PRODUCTION-LINE PACE! 


Uniformity is built right into the Karbo-Matic! With this 
. stely ic aific Fur FULLY AUTOMATIC FOR SPEED 
completely automatic Pacific Furnace, work is always held at © as aemaaae 

heat the same length of time, from load-to-load, regardless 


FAST, EVEN QUENCH (OIL 
of the size of the load. ad OR ATMOSPIRERE) 


Karbo-Matic...for more 
efficiency, more economy: 


Clean, high quality work continues on a high production basis @ iNCONEL RADIANT TUBES — 
with no readjustment of the controls until an entirely GAS OR ELECTRIC 
different job is run. Results on S.A.E. 4130 steel, as quenched, @ VERSATILE —ALL TYPES OF 
show a 52 Rockwell C consistently held within one point 

Industrial Steel Treating C. A eee 1 Karbo-Matic 2 GAS-TIGHT FOR ALL PROTEC- 
at Industrial Stee reating \o,. A seconc arbo-N1Tatuic TIVE ATMOSPHERES 
was recently installed in their Los Angeles plant. 


@ INSTRUMENT PANEL AND 
Here, versatility is another reason the Karbo-Matic has OPERATOR'S CONSOLE AS 


proved profitable. It is approved for stainless steel treating to mene ent a 
both military and airframe manufacturer's specifications, e 


rs Sp AVAILABLE 
and is also used for carburizing, carbo-nitriding, normalizing, @ ATMOSPHERE PROTECTION 


clean hardening, carbon restoration work as well as tool DURING ENTIRE CYCLE. 
and die hardening. An automatic Pacific Endothermic Generator NO SCALE—NO CHANGE 10 


supplies protective atmosphere to these Karbo-Matics 


for a complete, balanced system. 
Find out how a Karbo-Matic, electric or gas-fired, can fit 
into your shop. Call or write today! 


* TRADE MARK 


PACIFIC SCIENTIFIC COMPANY 
P.0. Box 22019, Los Angeles 22, Calif. 


PACIFIC () Please send me details on a Pacific Karbo-Matic 

() Information on the full line of Pacific Heat Treating 
SCIENTIFIC Equipment 
COMPANY 


Name 


LOS ANGELES 


One man 

operates two Karbo- 
Matics at Industrial Steel 
Treating — cuts labor costs in half! 


Company 


Address _ 


j 
an 
| 
_ SAN FRANCISCO 
‘SAN DIEGO | 
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Planning your 
future in 


investigate HI-VAC before you invest! 


From simulated conditions outside the 
Earth's atmosphere to the commercial pro- 
duction of extra high purity alloys, High 
Vacuum is providing answers to what lies 
beyond us in the dawn of our Space Age. 


The development of man-made equipment 
to artificially create conditions to which ma- 
terials will be subjected at extremely high 
altitude and high temperatures is necessary. 
Hi-Vac is continually investigating the ef- 
fects which take place on materials which 
are exposed to pressures of less than 
1/760,000,000 of what we experience here 
on earth. 


This research has been conducted by our 
subsidiary, Kinetics Corporation, which has 
maintained vacuum furnaces and research 
facilities for government and industry, as 
well as our own development programs, for 
over five years. 


Model F-1212-2 Vacuum Heat Treating 
Furnace for temperatures to 2200° F. 
Other standard units for vertical and 
horizontal high temperature use. Sizes 
up to 25 feet long. 


It is probable that Hi-Vac is intimately familiar with your vacuum equipment require- 
ments and can give you authoritative answers. Hi-Vac has a tremendous store of experience 
from which to draw. Take advantage of our consulting services for vacuum melting, heat 
treating, brazing or outgassing equipment. We are ready to promptly serve your equipment 
requirements for vacuum furnaces, evaporators, altitude and environmental test equipment, 
impregnators, portable pumping systems and allied systems. 


Write for Bulletin No. 318 on the F-1212 Series... or outline your 


HIV 


requirements and let us make recommendations. 


High Vacuum Equipment Corporation 
2 Churchill Rd., Hingham, Massachusetts 


telephone: Riverview 9-2430 


For Vacuum Processing Contract Services contact Kinetics Corp., Dept. 2, Hingham, Mass. 


Direct Reduction . . . 


higher temperatures (1300° F.) and 
moderate pressures (60 psi.) are 
used in two fluid bed reactors, the 
first reducing the ore to what is es- 
sentially FeO and the second com- 
pleting the reduction. The gas is a 
dry mixture of CO and H, formed 
from natural gas and steam. 

The third process, which appar- 
ently is still in small pilot plant ex- 
perimentation, utilizes a multiple 
fluid bed for reducing the ore; heat 
is generated at its base by partial 
combustion of natural gas. Air is 
preheated to 1550° F. and the nat- 
ural gas to 650° F. Some of the re- 
sulting CO-H,-N. mixture is burned 
separately in an ore preheater, bring- 
ing the ore up to 1550° F. Preheated 
ore passes by gravity into the re- 
ducing reactor consisting of three 
fluidized bed stages, countercurrent 
to the CO-H,-N, gas. Reduced iron 
then goes to a cooler and a briquet- 
ting press. Top gas is similar to 
blast furnace gas, having a calorific 
value of 120 Btu. per cu. ft., and it is 
cleaned and sent to a power plant 
or to heating furnaces. This pro- 
cess was adopted by Warren K. 
Lewis from his very successful 
equipment for catalytic cracking of 
petroleum at Esso gasoline refineries 
in conjunction with Arthur D. Little. 
The Esso-Little reduction process 
thus utilizes rapid reaction at high 
temperature and normal pressures 
in multiple stages of reduction and, 
instead of recirculating the gas, uses 
the spent gas for its calorific power 
in associated operations. 

E. E. 


Molybdenum at 
High Temperatures 


Digest of “Protecting Molyb- 
denum at High Temperatures”, 
by J. J. Harwood, Materials in 
Design Engineering, Vol. 44, 
December 1956, p. 84-89. 


HE MAJOR OBSTACLE to wider 

utilization of molybdenum as a 
high-temperature high-strength ma- 
terial is its complete lack of resist- 
ance to oxidation at temperatures 
above 1000°F. The formation of 
the highly volatile molybdenum tri- 
oxide prevents the formation of a 
protective oxide. At about 1415° F., 

(Continued on p. 196) 
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Turbine spiral case being fabricated of USS “T-1" Steel in the shop of the 
S. Morgan Smith Co., York, Pa. Plates ranged in thickness from 4" to 1%,". 


Taming the mighty Snake River 
with turbine spiral cases of (iss) “T-1”' Steel 


Stronger steel reduces weight... cuts costs 


Four of these huge spiral cases 
are being built for the Idaho Power 
Commission for use in the Brownlee 
Dam on the Snake River near Rob- 
inette, Oregon. They are designed for 
a 250-foot head of water. The inlet 
is 18 feet in diameter and each tur- 
bine will generate 144,000 horse- 
power at a speed of 128.6 rpm. 
Water will flow through the cases 
at a rate of 5,640 cubic feet per 
second. 

Because of the fierce pressure, it 
was obvious that a strong steel was 
required. USS “T-1”* Steel was se- 
lected because it has a minimum 
yield strength of 90,000 psi. What’s 
more, it can be fabricated, is readily 
weldable and has high resistance to 
impact abrasion. 
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Cost savings. By using USS 
“T-1” Steel, there will be substan- 
tially less shipping weight across the 
country and less weld time and weld 
metal, both in the shop and on the 
job site. Had carbon steel been speci- 
fied, double thicknesses would have 
been required. 

Fabricating operations. Projec- 
tion of the dimensional outline on 
the plates was done with Lumitrace. 
Plates were cut to size by flame-cut- 
ting and rolled cold to shape. Some 
parts were finish welded, others were 
tack welded and assembled. The 


(iss) United States Steel 


spiral case was then disassembled 
and shipped. Finish welding of seg- 
ments is to be done at the dam site. 

This job points up the economies 
possible with the use of USS “T-1” 
Steel. Why not use it for your own 
equipment? Write for our “T-1” book 
containing complete 
United States Steel Corporation, 
Room 2801,525 William Penn Place, 
Pittsburgh 30, Pa. 

Remember that we also make USS 
Cor-Ten*, USS Tri-Ten* and USS 
Man-TEN* Steels . . . widely used in 


power generation equipment. 
*Registered trademarks 


information. 
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Messrs. Cliff Stern and Nick Servatius of Modern Plating Corp., Freeport, Illinois; 
Ed Wild, Ardco, Inc., and Dick Servatius, Modern Plating Corp., are enthused over 
the results obtained with ROHCO 503 ZINC BRIGHTENER. 


“ROHCO * 503 Js ideal for our two 6,000 gal. zinc tanks...” 


Modern Plating Corp. has grown to be one of the largest as well as progressive 
plating shops in the Midwest . . . with 42,000 sq. ft. of floor space under one 
roof devoted to plating and rustproofing. Their large semi-automatic zinc line 
consists of 15 tanks—25 ft. long, 6 ft. deep and 5 ft. wide. It enables them to 
handle parts up to 24!/> ft. long. After experimenting with various zinc bright- 
eners and addition agents, they have adopted ROHCO 503 Brightener. It en- 
ables them to produce zinc plating of unsurpassable quality and brightness with 
the minimum of effort and expense. In their unusually large plating tanks, Mod- 
ern Plating Corp. claims ROHCO 503 Zinc Brightener contributes maximum 
satisfaction to the customers and profit to the plater. 


Find out how 503 and other ROHCO Addition Agents will do wonders in your plant! 


SAMPLE PLATED PART 


This novelty miniature !!/,” long pliers 
has been zinc plated with the addition of 
ROHCO 503 ZINC BRIGHTENER. 


Send coupon for your sample, TODAY! 


R. O. HULL & COMPANY, INC. 
1308 Parsons Court 
Rocky River 16, Ohio 


R. ©. HULL & COMPANY, INC. SEND FREE SAMPLE ! 
Rocky River 16. Ohio PLATED PART 


Name ....... Title 
Company 
Street Address 
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Molybdenum . . . 


the evaporation rate of the trioxide 
is equal to its rate of formation. At 
1800° F. in slowly flowing air, the 
surface of molybdenum recedes at 
a rate of 0.02 to 0.05 in. per hr. as 
compared with a rate of 0.00073 in. 
per hr. for a_ satisfactory iron- 
chromium-nickel alloy. these 
conditions, it appears that molyb- 
denum is useless for high-tempera- 
ture use unless some form of surface 
protection is developed. 

One approach to this problem is 
the development of alloys capable of 
forming resistant protective oxides 
(as obtained in other systems). This 
approach failed: the best alloys of 
molybdenum with chromium and 
titanium, or chromium and _ nickel, 
had an oxidation rate only 100 times 
lower than unalloyed molybdenum. 
The other alternative is the use of 
protective coatings such as metal 
claddings, ceramic and other re- 
fractory compounds. This paper 
reviews the results of these methods 
of protection. 

To be successful, a coating must 
have adequate resistance to oxida- 
tion, thermal shock, impact and 
erosion and should be able to with- 
stand a minimum amount of creep 
strain without fracturing. 

Electrodeposited coatings of nick- 
el provide up to 500 hr. of life at 
1650° F. while those of chromium 
afford the same protection at 
1800° F. while in thicknesses of 3 
to 4 mils. Drawbacks of the nickel 
electrodeposits are poor adherence 
to substrate, poor resistance to 
thermal cycling, rapid diffusion 
of molybdenum through nickel at 
1800° F., spalling characteristic of 
nickel oxide and nickel molybdate, 
and many others. Tests on chromi- 
um deposits were not reproducible, 
the useful life varying from 5 to 
500 hr. 

Chromium-nickel electroplates, on 
the contrary, show great promise for 
applications up to 2000° F. A 1- 
mil layer of chromium is first de- 
posited, then nickel in thickness up 
to 7 or 8 mils. The surface prep- 
aration and the whole process must 
be carried out with extreme care. 
With this type of coating, thousands 
of hours of protection may be 
achieved up to 1700° F. 

Claddings of nickel and_nickel- 
chromium alloys show great promise 
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USE FINKL DIE BLOCKS 
FOR QUALITY FORGINGS 


The automotive industry does! 


An upstate New York forge shop specializes in the forging of crankshafts, knuckles, 
and other high production items used in automotive production. Because the volume 
of each particular forging is very high, it is possible to evaluate costs and study 
tooling very closely 

In the illustration above, the manufacturer is using Durodi for both the blocking 
and finishing crankshaft impressions in this forging press operation. 

Durodi, made by Fink! electric furnace quality steel practice is a high volume 
producer and a most practical hot work tool for close die forgings. It hardens deeply 
and uniformly, is resistant to abrasion and withstands both shock and impact loading 
at high hardness. Its Special Machining Quality also appreciably reduces sinking 
time. All of these advantages mean more production at less cost. 

Finkl die blocks are available in several grades, all sizes and tempers to handle 
virtually any forging requirement. Call your local Finkl representative next time you 


are considering die blocks or forgings. He will be glad to help you and there is no 
obligation. 


A. Finkl & Sons Co. 


2011 SOUTHPORT AVE: CHICAGO 14, ILLINOIS 


Offices in: BOSTON « PITTSBURGH + ALLENTOWN « BIRMINGHAM - DETROIT + CLEVELAND «- INDIANAPOLIS - CHICAGO 
KANSAS CITY ST. PAUL HOUSTON COLORADO SPRINGS LOS ANGELES SAN FRANCISCO SEATTLE 
Warehouses in: BOSTON DETROIT CHICAGO LOS ANGELES 
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Molybdenum . . . 


for molybdenum sheets and simple 
shapes. Claddings of Inconel afford 
good protection for 100 hr. at 
2000° F. Nickel-rich claddings give 
protection even in the presence of 
local defects and cracks, probably 
because of the formation of nickel 
molybdate. Design strength of 
such composites are based on the 
strength of the core alone. 


Sprayed coatings of aluminum- 
chromium-silicon alloys of 
nickel-boron alloys are very effective. 
The Al-Cr-Si alloys are superior to all 
others tested from the point of 
view of thermal shock and cycling 
tests. The Ni-B-Si and Ni-B-Si-Cr 
alloys withstand the ballistic impact 
of steel shot at 330 ft. per sec. with- 
out exhibiting any deterioration in 
oxidation resistance at 1800° F. 

Diffusion coatings of silicon, ti- 
tanium and zirconium are formed by 


INDUSTRIAL 


BOX FURNACES 


WITH AND 
WITHOUT 


New GA batch type con- 
trolled atmosphere furnace 
designed for tool rooms 
and small production. 2 
models now ready—others 
to follow. 


High Speed and 
Recirculating 
Electric Furnaces 


Recirculating Air Draw: box 
type furnace for controlled 
heating to 1300° F.—steel 
tempering, glass annealing, 
etc. 8 sizes to 24” w. x 15° 
h. x 48° d 


Electric Ovens 


Bench Type: for tools and small 
parts—to 2000° F. 14 sizes to 
10° w. x 8" h. x 18° d. 


Recirculating Ovens: for drying, 
finishing and industrial process- 
ing to 600° F. 5 sizes to 36” w. 


x 36” d. x 60" h. 


High Temperature Box Furnace: 
for high speed steel treating to 
2500° F. 3 sizes to 12" w. x 8" h. 


x 24° 


Industrial Box Furnace for general 
heat treating—to 2000° F. 8 sizes 
to 24" w. x 18” h. x 48" d. 


Catalog and complete Information on any of 
these furnaces will be gladly furnished on request. 


COOLEY ELECTRIC MANUFACTURING CORPORATION 
30 S. SHELBY ST. + INDIANAPOLIS 7, INDIANA 


a pack cementation process and have 
so far shown most promising pro- 
tection except in thermal cycling. 
Molybdenum disilicide coatings 
produced by vapor deposition of 
silicon or pack coating in silicon 
powder show best oxidation resist- 
ance. Coatings of 3 to 4 mils have 
given up to 6000 hr. of service at 
1500° F. and 50 to 300 hr. at 3000° F. 
Thermal shock resistance is reason- 
ably good and at high temperatures 
coated parts can be bent without 
cracking. Some of the drawbacks 
are poor impact and fatigue re- 
sistance and need for use above the 
recrystallization temperature. 
Ceramic 
magnesia, 


coatings of alumina, 
silica, rutile, zirconia, 
beryllia and their combinations have 
been tested. The common approach 
is to use a combination of refractory 
oxide and a glass phase to minimize 
differential expansion between it 
and the substrate. They have, un- 
fortunately, many disadvantages and 
are only used for short-time applica- 
tions or where severe thermal shock, 
high stresses or impact conditions 
are not involved. In multilayer 
systems they provide an erosion re- 
sistant outer layer on an oxidation 
resistant ductile-base coat. 

Surface barrier layers of stable 
oxides produced at the surface of 
molybdenum alloys also have been 
studied. Although not considered 
very attractive, they give a certain 
protection up to 1800° F., and have 
the interesting property of self- 
healing and _ regeneration when 


damaged. H. P. Tarpir 


Gas Flushing of 
Nodular Iron 


Digest of “Effect of Gas 
Flushing on the Consumption of 
Magnesium in the Production 
of Nodular Iron”, by Wilhelm 
Patterson, Giesserei (German), 
Vol. 9, April 25, 1957, p. 216- 
227. 


T= MECHANISM of gas flushing is 
rather complex. In_ instances 
where the gas is metallurgically inert 
with respect to the melt, two phe- 
nomena take place simultaneously: 

1. Gases dissolved in the liquid 
metal are removed by diffusion of 
their ions into the bubbles of the 
flushing gas. The diffusion reaction 

(Continued on p. 200) 
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Production cutting of bar stock 
on a HILL ACME &Bar-Bil/et Shear 
with auxiliary automatic feed 


The nearest thing to automation 
achieved so far in the production cutting 
of bar stock is the HILL ACME BAR- 
BILLET shear with auxiliary automatic 
feed. With one man as standby observer, 
bars are fed automatically from the rack 
to the roll feed mechanism. Automatic 
stops on the billet shear predetermine 
the length of cut. 


On ideal installations bars travel from 
steel storage on conveyors through the 
billet shear to tote boxes without being 
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touched by hand. 
HILL ACME BAR-BILLET shears have 


proven to be the most efficient, econom- 
ical and trouble-free units on the market 
today. With the exclusive outboard 
support on the drop-off side, square, 
accurate cuts are assured. These high 
production shears are built in a variety 
of sizes to meet every cutting need up to 
9” in rounds. A new bulletin covering 
all details of construction and operation 
is now available. 


The 


HILL ACME 


Company 


MANUFACTURERS OF: 

“CANTON” ROTARY SCRAP SHEARS ® ALLIGATOR SHEARS ® BILLET 
SHEARS @ “HILL” GRINDING AND POLISHING MACHINES ®@ 
HYDRAULIC SURFACE GRINDERS ® “ACME” FORGING ® THREADING 
© TAPPING MACHINES ®@ “CLEVELAND” KNIVES & SHEAR BLADES 


1201 West 65th St., Cleveland 2, Ohio 
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Gas Flushing . . . 


occurs because of a difference be- 
tween the two partial pressures. The 
longer the flushing gas remains in 
contact with the “tramp” gas, the 
smaller the bubbles become. 

2. Small foreign particles, sus- 
pended in the melt, rise more rapidly 
to the surface with gas bubbles 
attached, because of their increased 
buoyancy. As the bubbles become 
smaller and more widely distributed, 
the process becomes more efficient. 

If the flushing gas reacts with cer- 
tain components of the melt, either 


liquid or solid compounds form. 
These compounds will rise to the 
surface if an excess of flushing 
medium is present. 

Two theories concerning the for- 
mation of nodular graphite are pre- 
eminent. One postulates that the 
high surface tension of magnesium- 
treated cast iron is responsible for 
changing the shape of graphite; the 
other suggests that the effect of 
nuclei of trace elements is decisive 
in determining the spherulitic shape 
of graphite particles. In both theo- 
ries the influence of sulphur and 
oxygen is dominant. 

It was reasoned that flushing with 


ONLY 
distributor of 


exclusively 


technical 
information 
ond 
stock list 
available 


4815 Bellevue Avenue, Detroit 7, Michigan + Box 389, South River, New Jersey 


gas might remove at least part of 
the detrimental nuclei and that the 
effectiveness of magnesium inocula- 
tion might be enhanced. Specif- 
ically, the following two questions 
required answers: (a) Will flushing 
make possible the use of smaller 
amounts of magnesium? (b) Can 
flushing minimize or eliminate the 
undesirable effects of certain trace 
elements? 

A series of experimental heats 
were run varying the amount of 
prior desulphurization and adding 
predetermined amounts of magne- 
sium. The flushing time was regu- 
lated as was the flow rate of the 
nitrogen bubbles. 

It was shown that magnesium de- 
sulphurizes as well as deoxidizes, 
and that small additions of earth 
alkalis cause an initial decrease in 
mechanical properties prior to the 
formation of nodular graphite. Ni- 
trogen acts as a desulphurizing agent 
only when sulphides are suspended 
in the melt. These are then floated 
to the surface by the attached gas 
bubbles. Flushing with nitrogen 
either by itself or in combination 
with soda ash definitely established 
the fact that the amount of mag- 
nesium needed for the formation of 
nodular graphite is markedly re- 
duced by this procedure. 

An investigation of the effect of 
gas flushing on the influence of trace 
elements during the formation of 
nodular graphite showed that a gas 
treatment improves the response to 
magnesium inoculation. It was 
further determined that the flushing 
agent should be introduced in such 
a manner that small bubbles rise 
slowly from many openings through- 
out the melt. 

A new theory concerning the 
mechanism of growth is also dis- 
cussed in the article. Hans HEINE 


HicH-TEMPERATURE 
PROPERTIES OF \MIETALS 


Volume of five expertly written 
lectures on stress-rupture testing, 
high-temperature oxidation test- 
ing, high-temperature fatigue test- 
ing, and experiences encountered 
in high-temperature properties. 
150 pages—6x9—illustrated—red 
cloth—$4.00. Clip and send to 
Technical and Engineering Book 
Information Service, 7301 Euclid 
Avenue, Cleveland 3, Ohio. 
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COMPONENT PARTS OR SELF-CONTAINED UNITS FOR 


QUENCH OIL COOLING 


| a 


Typical BEG = 
Self-Contained 
Quench Oil Cooler. 


Controlled quenching of your heat-treated products can 
result in a substantial ‘‘inside profit’... by eliminating losses 
caused by excessive rejects. 

B&G Hydro-Flo Oil Quenching Systems have demon- 
strated ability to maintain desired characteristics in the 
finished product. Heated metal is brought down from fur- 
nace temperature to the correct end degree with unfailing 
accuracy. Each batch is quenched under identical conditions, 
hence is identical in quality. 


Send for Catalog 
and Simplified 
Selection Manual 


*Reg. US. 


B&G Hydro-Flo Self-Contained Oil Coolers are complete 
packages...combining Coolers, Motors, Pumps, Strainers 
and all controls into single integrated units. Or, if you 
prefer, the component parts of a B&G Hydro-Flo Oil Cooling 
System may be purchased and assembled on the job. B&G 
Quench Tanks are also available... either in standard designs 
or built to your specifications. The B&G engineering staff 
is always available for consultation. 


Hydre-Fie 


OIL QUENCHING SYSTEMS 


BELL & GOSSETT COMPANY 
Dept. FE-16. Morton Grove, Illinois 


Pat. Off. Canadian Licensee: §. A. Armstrong Ltd., 1400 O'Connor Drive, Toronto 16 
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HEAT TREATS 
ALUMINUM ALLOYS 
UNIFORMITY £2°F. 


R-S FURNACES AT WYMAN- 
GORDON KEEP QUALITY UP 
--- COSTS DOWN 


Where aluminum alloy forgings for 
18,000... 35,000 ... and 50,000 ton 
presses must be heat treated to abso- 
lute uniformity R-S Furnaces were en- 
trusted with the job. Six R-S Furnaces 
at Wyman-Gordon Products Corpora- 
tion handle all types and sizes of 
forgings with extreme flexibility and 
maintain a uniformity of plus or minus 
2° F. to 1100° F. Work is pushed thru 
furnace in steel trays in two rows on 
roller rails. Every piece emerging has 
absolute uniformity regardless of size, 
shape or weight. 

For higher quality in heating and 
forging write for the illustrated folder 
giving full technical details to... 


R-S FURNACE CO., INC. 
Philadelphia 44, Pa. 


Leveling Nickel 


Digest of “Leveling Nickel”, 
by D. Gardner Foulke, Metal 
Finishing, Vol. 54, October 1956, 
p. 52-56. 


ince the first comprehensive 

account of the leveling phenom- 
enon in 1950, considerable progress 
has been made. A project has been 
established at the University of 
Virginia on micro throwing power 
which is closely related to the level- 
ing effect. The magnitude of this 
effect is shown in the following table. 
Electroformed roughness standards 
were used as base material. 


Ras. PERCENTAGE 

RMS. OF 1-Mi. OF 
STANDARD DEPpoOsIT LEVELING 

20 1 95 
50 9 
125 70 44 

500 22 

One mil of nickel was deposited 
from a leveling solution operation 
under typical conditions (150° F 
72 amp. per sq.ft., pH 2.8) with an 
acetylenic-type addition agent. The 
leveling effect is very much less with 
rough surfaces because the diffusion 
layer effect is smaller. In such cases 
a heavier deposit would be required 
if much leveling were to be obtained. 

Two types of addition agents are 
employed, ethylene cyanhydrin and 
coumarin. These are coupled with 
high temperature, relatively high 
current densities and high chloride 
values (nickel chloride 12 to 15 oz. 
per gal.). Air agitation can be used 
without causing oxidation, and 
stresses in the deposit can be main- 
tained at near zero or slightly com- 
pressive values. 

Leveling, whether it is accom- 
plished by elimination of projections 
or filling of crevices, is a result of 
a difference in the diffusion layer 
thickness and is associated with an 
increase in cathode polarization over 
the polarization caused by the ordi- 
nary brightening agents. 

Variables which effect leveling 
are (a) current density—an_ in- 
crease from the optimum will result 
in a lower rate of leveling, (b) bath 
pH — an increase to 3 or 4 will in- 
crease the leveling, (c) higher 
temperatures—they generally 
crease leveling but the effect may be 
complex. The effect of agitation on 
leveling depends on conditions. In 
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LOMA 


142” & 6” x 8” Heavy Duty 
2-high/4-high Combination 
Rolling Mill with 175,000 Ib. 
Separating Force Capacity 


need special metal 
processing machinery? 


Whether it’s continuous casting 
of uranium alloys in vacuum, saw- 
ing of “hot” materials with re- 
mote control, rolling of plutonium 
shapes in glovebox enclosures or 
stretcher-straightening of tubular 
fuel elements, chances are you'll 
find the answer to your nuclear 
and metallurgical processing 
problems at LOMA. Our experi- 
enced engineering organization 
and manufacturing plant special- 
izes in the construction of 
custom-built metal processing 
equipment. Our machinery can 
be made for manual or automatic 
operation, with direct or remote 
control, in single units or inte- 
grated facilities, for laboratory or 
high product application. Our 
standard line of equipment 
includes: 


@ Casting Machines and Molds 
@ Saws and Cut-off Machinery 

@ Hot and Cold Rolling Mills 

@ Rod and Tube Draw Benches 
@ Roller and Stretcher Levellers 
@ Air and Hydraulic Tube Testers 


For detailed information, write 
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© 
LOMA 
iil MACHINE MFG. CO., INC. 
114 East 32nd Street 


WHO FORGES THE TOUGH ONES? « machines them, 100 


Assume that you've just designed a high pressure cylinder to 
be used in the production of high energy explosives. It is a 
good sized forging—the main cylinder is 5014” long, 3142” 
O.D., and 18” 1.D.—with high physicals. It must be forged of 
a highly alloyed chromium nickel molybdenum vanadium 
steel to obtain a tensile of 164,000 psi . . . a yield point of 
153,000 Ibs. . . . and hydrostatic test at 30,000 psi. 


Naturally, you prefer one responsible source to do the whole 
job—one organization to melt the steel, forge, and finish all 
parts to exact prescribed tolerances. 


So, call on National Forge, a company that’s been producing 
big forgings for over 40 years—from melting steel through 
finish machining and protective coating (dulite, in this case ) 
all in one completely integrated plant. Let us quote on your 
next job for big machined forgings—-and demonstrate the 
answer to “who forges and machines the tough ones . . . best?” 


NATIONAL 
_FORGE 


IRVINE, WARREN COUNTY, PA, 


For more information on “the tough ones,” and the machinery that makes them “best'’— write for Bulletin NFO 2 


Nickel . . . 


nickel baths heavy with acetylenic 
brighteners, stirring has no effect. 

Duplex coatings have been shown 
to result in better corrosion resis- 
tance. For example, a leveling plate 
of 1 mil total composed of 80% semi- 
bright and 20% full-bright nickel 
gave protection equal to that ob- 
tained from 1.2 mil of conventional 
bright or semibright nickel. 

R. L. ANDERSON 


Low-Nickel 
Stainless Steel 


Digest of “Production and 
Fabrication of New A.LS.I. 
Types 201 and 202”, by G. W. 
Hinkle, A.S.T.M. Bulletin, Feb- 
ruary 1957, p. 47-50. 


= FAMILIAR 301 and 302 types 

of stainless steel are being re- 
placed in many applications by low- 
nickel A.LS.I. types 201 and 202. 
In these steels, 5% manganese and 
0.25% nitrogen are used to replace 
about half of the nickel used for 


austenitic stabilization in types 301 


and 302. The new steels, which 
contain only about 4.5% nickel, are 
suitable for articles requiring good 
surface finishes such as cooking uten- 
sils, household appliances, automo- 
tive and architectural applications. 
To be economically acceptable, the 
new steels must not increase fabri- 
cating costs. Consequently, the steel 
producers and their customers are 
investigating their fabricating char- 
acteristics quite extensively. 

The high manganese and nitrogen 
contents of types 201 and 202 result 
in greater strength at elevated tem- 
peratures. This characteristic neces- 
sitates some changes in blooming 
mill practices in order to minimize 
increases in power consumption, 
For example, increases in soaking- 
pit times of about 20%, and slightly 
higher rolling temperatures, com- 
pared to procedures for 301 and 302 
steels, are desirable. The net result, 
for production rates on type 201, and 
20% slower blooming-mill processing 
of type 202 steel. No problems were 
met in rolling slabs to hot strip. 

The manganese-nitrogen stainless 
steels work harden more rapidly than 
the higher nickel 301 and 302 


The Clark Hardness Tester 
is precision built to give 
aranteed precision results. 
ousands of Clarks, with 
years of service all over the 
world, attest to this. 

The surprisingly low price 
includes the precision Clark 
Diamond Cone Penetrator, 
as well as Steel Ball Pene- 
trators, a wide assortment of 
Anvils, Test Blocks, and 
other accessories. Available 
in two models, for Standard 
and Superficial “Rockwell” 
hardness testing, each with 
choice of 4”, 8”, 12”, or 
16” work capacity. 

Before you invest in any 
hardness tester, get the facts 
about the low price, speedy 
delivery, and guaranteed accu- 
racy of the Clark. Write today. 


CLARK INSTRUMENT, INC. 


THE MOST FOR YOUR 
“ROCKWELL TESTING” 
DOLLAR! 


10202 FORD ROAD 
DEARBORN, MICH., U.S.A. 


1 not J uct 


{THERMOCOUPLE 


Uniform calibration year after year is an 
important bonus realized with Serv-Rite 
thermocouple wire. Gordon has insured 
this unusual accuracy by the most careful 
advance selection of all bare wire stock to 
close thermocouple specifications. From a 
very large stock of bare wire, wires are 
matched to have a minimum departure from 
the standard curve. 

With several hundred insulation combi- 
nations applied in Gordon’s own process- 
ing plant, Serv-Rite is the most complete 
line of thermocouple and thermocouple 
extension wire. 

Give Serv-Rite a trial on your next ther- 
mocouple wire requirements. There's noth- 
ing better. Serv-Rite is really a premium 
wire at no extra cost. 


Write for Bulletin No. 1200 
for specifications and data on SERV-RITE 
Thermocouple Wire and Extension Wire. 


7154 


CLAUD S. GORDON CO. 


Manufacturers» Engineers + Distributors 


613 West 30th Street, Chicago 16, Illinois 
2021 Hamilton Ave., Cleveland 14, Ohio 


METAL PROGRESS 


1 WIRE...it's 
® 
MRE 
; 
’ 
é 
| 
4 
s 
>| 
in 
i a 
i's 
> 
a 
a 
204 
i 


DIVISIONS: NATIONAL - STANDARD, Niles, Mich.; //re wire, stainiess, music spring and plated wires + 


This jewelry chain of COPPERPLY’ wire 
might give you a gem of an idea! 


® Copperply wire, a National-Standard development, 
is a steel wire, electroplated with copper to required 
thickness and with unmatched coating uniformity and 
concentricity. 

It makes sense for jewelry chain manufacturers to use 
Copperply wire instead of copper or brass wire, because 
material costs are greatly reduced. It also provides an 
ideal base for plating if desired, it excells in strength, 
and provides more footage per pound with resultant 
production and handling economies. 

To date other uses in light coating weights include: 


NATIONAL 


wrapping for piano wires, reinforcement for eyeglass 
temples, decorative tinsel, fanning mill cloth, and 
springs where a combination of power and electrical 
conductivity is needed, A major use in heavy coating 
weights is in the field of communications. 

Here we touch only briefly on a few of the unique 
Copperply features, but perhaps enough to spark an 
idea worth exploring. And you'll find that the word 
“cooperation” has real meaning at National -Standard 
. .. whether your interest lies in Copperply wire or any 
of our other products. Try us. 


STANDARD 


v. J.; metal decorating equipment + ATHENIA STEEL, Clitton, N. J.; “al, high carbon spring steels + REVYNOLOS WIRE, Dixon, wire cloth 


Mase.; spring stainiess and plated wires. high and low carbon specialties 


JA» 
| 
tt. 
x 
WORCESTER WIRE WORKS. Worcester, 


Stainless Steel . . . 


grades. Therefore, about one-fifth 
more passes are required in cold 
rolling to produce a particular reduc- 
tion in gage. Conversely, approxi- 
mately 10% less cold reduction is 
required on 201 and 202 steels to 
meet the requirements of half-hard 
stainless strip. 

The newer steels oxidize more 
readily above 1600° F. and _ this 
necessitates some changes in anneal- 
ing and pickling procedures. The 
201 and 202 steels are normally full 
annealed by cooling rapidly from 
1825° F., instead of 1950° F., to 
minimize scaling and to insure a 
good finish. The use of the lower 
annealing temperature causes some 
loss of ductility. The acid baths 
normally used for the older austen- 
ite steels are modified by reducing 
the acid concentrations about 10% 
and by lowering the bath tempera- 
tures about 15° F. Caustic pickling 
baths have also been used for de- 
scaling the 201 and 202 steels. 

The tooling and operations used 
for brake and roll forming 301 and 
302 steels were satisfactory experi- 
mentally. In production runs on 
material annealed at lower tempera- 
tures, to meet surface finish require- 
ments, some changes in forming 
radii are necessary to compensate 


QUALITY CONTROL 
for greater springback. 


| and 
These steels have been used satis- 


factorily for production runs on R E Ss E AR Cc ri 

automotive parts and on single-draw ste ANALYSIS 


tubs and sinks using dies designed 
for 301 and 302 stainless steel. 
Slightly larger blanks and hold-down 
pressures were preferable for the 
manganese-nitrogen __ steels. The 
parts deep drawn from 202 steel 


ROTOSIL HOMOSIL 


OPTOSIL ULTRASIL 


AMERSIL service is keyed to your requirements. 
Here, at the primary source for fused quartz 
and silicaware of critical purity, several spe- 
cially developed producti are used 
—each providing an end goede suited pre- 
cisely to certain types of fabrication and use. 

Delivery is prompt. Standard apparatus, cru- 
cibles, trays, cylindrical containers and tubing 
(up to 25” diam.) are available for prompt 
service. Amersil engineers will be glad to assist 
in developing special equipment for your re- 
quirements. Your inquiry is invited. * * * 


- SEND FOR FUSED QUARTZ—FUSED SILICA DATA FILE 


(AENGELAARD /NOUSTRIES, (NC. ) 


AMERSIL QUARTZ DIVISION 
685 RAMSEY AVENUE * HILLSIDE 5, NEW JERSEY 


Best for 


Highest dispersion 
and resolution 
of any 


usually exhibited higher hardnesses 
and slightly heavier sections than 
those made from 302 steel. Grind- 
ing, buffing and electrolytic polish- 
ing practices used for 302 stainless 
are normally satisfactory for types 
201 and 202. Equivalent surface 
finishes can be produced and there 
is little, if any, difference in color 
or appearance among the steels. 
Welding procedures and require- 
ments do not have to be changed 
for 201 and 202 steels. Regular 
type 304 electrode can be used for 
joints and repair welds. 

Laboratory tests detected no dif- 


SPECTROGRAPH 


The JAco Ebert offers highest resolu- 
tion and dispersion, assures unsurpassed 
precision and sensitivity for analyses of 
ordinary materials as well as super- 
alloys, rare earths and transuranic ma- 
terials. Only the JAco Ebert embodies 
every desired feature for fast, reliable 
results plus simplicity of operation never 
before attained in so versatile a spec- 
trograph. Normal peak analytical limits 
are easily cutended t through use of op- 
tional Order Sorter. 

Learn more about the JAco Ebert — 
write today for free 8-page catalog. 


spectrograph! 


High for rout 
h dispersion 
resolution for line 
ence, line f-reversal; 
isotopic 


Simple: by non-tech- 
nical personne 


reliability, 
satility . @liminates Ms 
adjustments. 


Wide Coverage: With 20" camera, 
single exposure records — at high dis- 
persion — the most sensitive lines of 
all metallic elements (except alkalies). 


Jarrell-Ash Company 


22 Farwell Street, Newtonville, Massachusetts 


ferences in stress cracking tendencies Gen Mates, Gaal. 
between samples of types 201, 202 


Tinley Park, tl. New York, N. 
Dallas, Texas Atlante 


Pittsburgh, Fenna. Atlante, Ga. 
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CUTLERY 
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PUMP SHAFTS 
AND VALVES 


FITTINGS AND VALVES 


FASTENERS 


If you use stainless steel in the manufacture of your 
products, they will be improved with the excellent 
quality of J & L Stainless Steel. Our modern facilities 
stock a large range of sizes and grades, and we're 
ready to ship from stock right now. 


Improve your Products with... 


From the first order on, you can depend on the J & L 
Stainless Steel Division in Detroit to give you quality, 
service and immediate shipment. Write or call for the 
latest complete stock lists. 


STEEL 


Jones & Laughlin Steel Corporation - STAINLESS STEEL DIVISION + Box 4606, Detroit 34 
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with 
NEW PYRO 


MICRO-OPTICAL PYROMETER 


Versatile PYRO Micro-Optical pre- 
cisely measures targets as small as 
001” in diameter or objects at re- 
mote distances to 2°C reproduci- 
bility! Temperature scales 700° 
3200°C (1300 - 5800°F). 


Send for FREE catalog No. 95. 


and 
PYRO 


SURFACE 
PYROMETER 


Quick-acting, pre- 
cise, with easy-to- 
read 434” dial. Five 
Standard ranges — 
0° - 300°F to 0° - 
1200°F for surface 
and sub-surface 
temperatures. Also 
sub-zero and spe- 
cial ranges. 


Send for FREE catalog No. 168. 


PYROMETEF 


BERGENFIELD 8, NEW JERSEY 


Stainless Steel .. . 


and 302. steels deep drawn in the 
same dies. In most instances, how- 
ever, the 202 samples were slightly 
harder and more magnetic than the 
302 specimens. F. W. BouLcer 


CoLtp WorKING OF METALS 


One of the country’s top scien- 
tists, M. Gensamer, coordinates 
the contributions of 17 experts. 
Discussed are strain hardening, 
deformation textures, recrystalli- 
zation textures and more. 364 
pages — 6x9 — red cloth — $5.00. 
Clip and send to ASM Technical 
and Engineering Book Informa- 
tion Service, 7301 Euclid Ave., 
Cleveland 3, Ohio. 


Forging 


Digest of “Opportunities I 
See For You”, a talk by Harry 
W. McQuaid before the Drop 
Forging Assoc., Winter Indus- 
try Meeting, Dec. 10, 1957. 

HE FORGING INDUSTRY operates 

primarily to furnish semifinished 
or rough parts for manufacturers of 
mechanical equipment such as the 
automobile and farm implement 
builders. It depends largely on the 
equipment designer not only for the 
design of the forging but also for the 
selection of the exact metal to be 
used in the forging. 

The forging industry thus finds 
itself in the middle, between the 
steel industry and the manufacturing 
industry, and any important change 
in the forging industry must meet 
the approval of steel producers and 
fabricators. Conversely, any im- 
portant change in steelmaking or 
in the customer’s manufacturing 
practice will affect the forging in- 
dustry. As an important customer 
of the steel industry, the forging 
industry must be alert to the present 
changes which are just around the 
corner in steel. 

The high cost of new steelmaking 
equipment is causing the steel in- 
dustry to check into methods for ore 
reduction in order to supply a charge 
material which will stabilize scrap 
costs and also provide a substitute 
for blast furnace hot metal. Both 
of these are apparently close to pro- 
duction and will go far to bring 
changes in the steel industry. The 


REPORT 


New developmentsin 
the production, mar- 
keting and uses of tin 
suRtayu 


The new atomic power plant at Ship- 

pingport, Pa., has more than 58 miles of 

condenser tubes. They’re made of an 

alloy containing from 0.9% to 1.2% tin. 
* * * 


Tests show that a new tin-cadmium 
alloy plating has greater corrosion re- 
sistance to salt spray, jet fuels, high 
temperature synthetic oils, and organic 
acid vapor than cadmium plating alone. 
It can be soldered the same way—and 
just as easily—as standard cadmium 


plated coatings. 


Malaya has been the world’s larg- 
est producer of tin for many 
years—over two-thirds of the tin 
consumed in this country is pro- 
duced there. Straits Tin from 
Malaya is at least 99.87% pure 
and known throughout U.S. indus- 
try for its reliability and uniform- 
ity of grade. 


A British firm recently developed a new 
solder paint for hot tinning or soldering 
stainless steel. The solder is simply 
painted on the steel and then heated to 
normal soldering temperature. Tin con- 
tent ranges from 40% to 100% in the 


three grades manufactured. 


Ask us to send you TIN 
NEWS, a monthly letter. 
It will keep you posted 
on tin supply, prices, new 
uses and applications. 


The Malayan Tin Bureau 


Dept. 250, 1028 Connecticut Ave., Washington 6, D.C. 
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XXVIl | This is the twenty-seventh of a series of advertisements deal- 


Cold-Finishing of Alloy Steels: 
The Effect of Cold-Drawing 


ing with basic facts about alloy steels. Though much of the 
information is elementary, we believe it will be of interest to 
many in this field, including men of broad experience who 


| may find it useful to review fundamentals from time to time. 


The cold-drawing of alloy bars was 
discussed in the advertisement prior 
to this one, No. XXVI in the series. 
Here, we continue with a general 
explanation of the effect of cold- 
drawing. 

During the cold-drawing process, 
certain changes take place in the 
steel structure, and in mechanical 
properties. There is a slight increase 
in tensile strength, compared with 
a substantial increase in yield point, 
and a decrease in ductility. These 
properties enable the production of 
small parts which require the greater 
strength necessary for certain auto- 
matic-machine forming operations, 
and a machine finish superior to 
hot-rolled material. Naturally, the 
beneficial effects of alloy steels are 
attained in the subsequent heat- 
treatment of parts. 

The process of cold-drawing re- 
sults in bars which are free from 
scale, accurate to shape, and within 
close tolerances. These conditions 
are ideal for automatic machining, 
as the elimination of scale is con- 
ducive to long tool life, and the 
accuracy of shape and close toler- 
ances permit the bars to pass freely 
through the feed mechanism of the 
“automatic.” Moreover, the cold- 
drawn finish and tolerances may be 
such that machining can be elimi- 
nated in some areas of the finished 
part. For example, sparkplug shells 
are produced from hexagon bars 
which require no machining on the 
hexagon sections. 

Continuous roller hearths and car- 
bottom furnaces of both standard 
and controlled-atmosphere types, 
are used for special treatment of al- 
loy bars before cold-drawing. Ther- 
mal stress-relieving can be used to 


~ 


reduce residual stresses in the steel 
caused by the cold-drawing process, 
wherein the mechanical properties 
will be altered depending upon the 
temperature used. 

If you would like more specific 
details about the chemical compo- 
sition or mechanical properties of 
cold-drawn alloy bars, and the re- 
sults that can be expected, by all 
means consult our technical staff. 
Bethlehem metallurgists will gladly 
help you work out any problem, 
without cost or obligation on your 
part. 

In the next advertisement, No. 
XXVIII in this series, the second 
category in cold-finishing will be 
discussed, i. e., the turning and 
grinding of alloy steel bars. 

Remember that Bethlehem pro- 
duces a wide and complete range 
of cold-drawn alloy steel bars in 
rounds, hexagons, squares, or flats, 
in standard, odd, decimal or metric 
sizes required, as weil as special 
sections. Bethlehem also makes the 
full range of AISI standard alloy 
steels, and special-analysis steels 
and all carbon grades. 


If you would like reprints of this series of adver- 
tisements from No. I to No. XX VII, please 
write to us, addressing your request to Publica- 
| tions Department, Bethlehem Steel Company, 
| Bethlehem, Pa. The first 27 subjects in the series 
| are now available in a handy 40-page booklet, 
and we shall be glad to send you a free copy. 


BETHLEHEM STEEL COMPANY 
BETHLEHEM, PA. 


On the Pacific Coast Bethlehem products 
are sold by Bethlehem Pacific Coast 
Steel Corporation. Export Distributor 
Bethlehem Steel Export Corporation 


BETHLEHEM STEEL 
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Forging . . . 


continuous casting of forging billets 
is also a_ possibility for the near 
future. 

In the forging industry, the right 
answer is the production of more 
forgings from present equipment. 
This usually means finding more 
orders to reduce idle time to the 
minimum. This can be done if the 
over-all demand for forgings is in- 
creased to some extent. 

In my opinion, the most stable 
business is the one which makes the 
more finished product. It would 
seem logical, therefore, for a forge 
shop to supply rough machined 
forgings or even finished machined 
heat treated forgings wherever pos- 
sible. The sale problem might be 
simpler while the profit per piece 
would increase. 

While many forgers are equipped 
with modern furnaces, many others 
still have inefficient furnaces. Forg- 
ing furnaces have improved lately; 
there is more complete combustion 


of fuel oil, with higher 


flame 


temperature and much lower loss 
due to scaling. A furnace which 
represents the highest possible econ- 
omy, highest furnace temperature 
and lowest scaling loss might be 
developed through coordinated re- 
search and development. 

The typical forging can with- 
stand a high degree of shock loading 
and will also deform greatly with- 
out fracture. Thus a forging is 
preferred to a casting when applied 
load is not known or shock loading 
is expected. The threat of the cast- 
ing to the forging was not especially 
strong until the introduction of 
nodular cast iron, a high-grade cast 
iron with the free graphite in 
spheroidal form rather than flake. 
It can be described as a 0.90% C, 
high-silicon cast steel with excess 
graphite. The properties are com- 
parable to those of a forging. 

To the drop forger this is a pos- 
sible loss of important tonnage to 
the foundry. The easy handling 
and machinability of the ductile 
iron castings may result in its ap- 
proval for many applications. How- 
ever, it will still be a casting and 


anotHer PANNIER MASTER MARKER! 


PANNIER’S INSPECTORS’ 
HAMMERS WEAR LONGER 


Many styles and sizes for metal 
marking. Letters, numbers or 
symbols on either or both ends; 
interchangeable type heads steel head 


available. 


Write for data. 


THE PANNIER 


213 SANDUSKY STREET 


- 


MONEY-SAVING 
FEATURES: 


Sturdy, balanced 
construction 

«Long-lasting tool 

A style for every (any) 
need 


Sharp, clean marking 


CORPORATION 
PITTSBURGH 12, PA. 


Omices: Los Angeles Cleveland Chicago Philadelphia » Birmingham 


subject to the suspicion to which any 
iron casting is subject when con- 
sidered for any important forging 
job. It would be logical for the in- 
dustry to consider the forging of 
nodular iron which has been cast 
to a well-designed shape and would 
require few blows or pressings in a 
closed die to make the most accurate 
finished part possible. The air 
cooling of these forgings would pro- 
duce a structure suitable for machin- 
ing with properties which would be 
a definite improvement over those 
of any nodular iron casting. The 
first application for such a product 
will be where steel forgings are now 
used because of the increased factor 
of safety which a forging gives over 
a casting. 

Another possible improvement is 
the establishment of a practice which 
will somehow make certain that 
when an order for an aircraft or 
bearing quality steel is taken the 
material specifications are followed. 
These give no unusual trouble with 
the large orders in the larger shops 
where proper technical inspection 
is available. In some of the smaller 
shops where the chemical specifica- 
tions are about the only guide in 
applying steel which is available, a 
rejection by the customer because 
of magnetic, microscopic or other 
testing often makes a heavy loss 
inevitable. Just what actually con- 
stitutes “forging quality” in a 
forging billet is not too clear, and 
varies with the need for the steel in 
question and how badly the steel 
supplier thinks he needs the account 
it represents. The limitations im- 
posed by such terms as “forging 
quality”, “aircraft quality” and 
“bearing quality” should be well 
understood by the forger who is in 
the middle between the steel pro- 
ducer and the user of the forging. 

Other subjects of interest to the 
forging industry are the handling of 
forgings of large cross section in 
heat treating, the advantages of 
caustic soda in quenching carbon 
and large-section low-alloy forgings, 
the effect of time in the quenching 
tank on internal stresses and quench 
cracking, and the control of flash 
line segregation and its effect on 
quench cracking. There is much 
which needs to be done in the tech- 
nique and physical aspects of 
forgings as well as in the over-all 
economics of the product. C.R.W. 
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And Still Another Use for SIL-FOS! 
Handy & Harman Brazing Alloy Used 


This dramatic application of S1L-Fos clearly points 
out that, among this alloy’s many qualities, its 
versatility is remarkable. 


The A. I. T. Diamond Tool Company, Skokie, Illinois, 
uses SIL-Fos in powder form in the manufacture 
of its Al-Aloid diamond grinding wheel. The 
powdered SiL-Fos is mixed with the diamond dust 
and then sintered to form a wheel that in grinding 

... holds sharp edges, does not heat or check car- 
bides, lengthens life of carbide tools and does the 
work of four to six resin-bonded wheels.’’ 


SIL-Fos is one in a large family of Handy & Harman 
brazing alloys. It is a low-temperature alloy and is 


in Diamond Tool Manufacture 


available in two analyses: SiL-Fos and Sit-Fos 5. 
These are silver-copper-phosphorus alloy systems; 
one contains 15% silver, the other 5%. Both have a 
wide melting range, starting to flow at 1185°F. and 
fully free flowing at 1300°F. Their ‘‘benefit cate- 
gories”’ include: joint strength, leaktightness, 
ductility, electrical conductivity, heat transfer, 
corrosion resistance, fast production and economy. 
All of these qualities apply to joining a wide range 
of nonferrous metals, as well as diamonds. 

There are many truly remarkable case histories of 
SiL-Fos brazing. We’d like very much to tell you 
about them and give you further details on what 
can be done for your product. 


omy HANDY & HARMAN 


> General Offices: 82 Fulton Mew York 38, 
DISTRIBUTORS IM PRINCIPAL CITIES 


Your NO. Source of Supply and Authority on Brazing Alloys ove «m0 
atuewt 
/ 
‘ 
% 
> ) 
Low-temperature silver alloy brazing with Sit-Fos and Easy FLO ts described in our Bulletin 20. Write for your copy. yi 
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KEY TO FORGINGS 


ILLUSTRATED Faster and faster, higher and 

. Jet Engine Pad — Titanium — 11 Ibs. higher — greater stresses, increased 
aay ead temperatures — all leading to 

. Jet Engine Vane — Titanium — 27 continually increasing dependence 
ee ‘ on forgings — and in the forging 

: a” ns field there is no substitute for 

. Aircraft Fitting — Aluminum — 282 Wyman-Gordon quality, experience 
Ibs. — 86 inches. and know-how. 

. Aircraft Landing Gear — Aluminum 
284 Ibs. — 47 inches. 

. Missile Ring Splice — Aluminum — 54 
Ibs. — 20 inches. 

. Aircraft Spar Frame — Aluminum — 
434 Ibs. — 142 inches. 

. Missile Fin — Aluminum — 8 Ibs. — 
30 inches. 


WyYMAN-GORDON COMPANY 


Established 1883 
FORGINGS OF ALUMINUM @© MAGNESIUM e@ STEEL @© TITANIUM 
WORCESTER 1, MASSACHUSETTS 
HARVEY, ILLINOIS DETROIT, MICHIGAN 
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Know gas content in metals 
for improved product performance 


Precise knowledge of gas content in metals, especially high temperature 
and reactive, can help you develop and maintain product superiority. 
To solve this analytical problem, you need good equipment and an 
intimate knowledge of how to secure the best results. Both the 
equipment and knowledge are available from NRC. 


The precision, reliability, and convenience of NRC equipment reflect 
the experience gained through making over 15,000 analyses in our 
own laboratory plus the experiences and suggestions of our 
customers in over 140 installations throughout the world. 


There are three basic models available to meet all requirements. 
When you buy from NRC our analysts install the equipment, train 
your operators, and thereafter are available for advice on new 
problems. If your volume is too small to justify the purchase of your 
own equipment, we can handle your work on a contract basis. 


Contact us today to see how NRC analytical equipment or 
service can improve your product. 


MARCH 1958 


Oxygen, Hydrogen and Nitrogen content of most 
metals can be measured precisely in 40 to 70 minutes 
with the general purpose Model 912. Hydrogen alone 
in 4 to & minutes. Complete with installation and 
training $8,375 

Hydrogen in Titanium and Zirconium can be measured 
directly in 3 to 6 minutes. Precise measurement over 
concentration from 1 to 500 ppm. One aircraft engine 
maker reports 8,100 analyses in 7 months without 
trouble. Model 917 complete with installation and 
training $6,85 

Hydrogen in Steel which causes embrittlement and 
flaking can be determined quickly and precisely 


with the Model 916. Unit including installation and ‘ 


training, $8,000 


NRC 


EQUIPMENT 
CORPORATION 


DEPT 10, CHARLEMONT ST. NEWTON 61. MASS 
A Subsidiary of National Research Cor poration 
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Any similarity to a real-life company is purely intentional 


Guess who took the pucker 


out of the pickle? 


If they had to rely on Barney Billet to 
keep the wolf from their doors, the pickle 
packers would soon pound a path to the 
poorhouse. For the truth is Barney doesn’t 
like pickles. To him, a cucumber is just 
something to stay as cool as. 


So what does Barney do for a living? 
Why he’s a major-domo of a pickling tank 
at O-So-Strong Steel Company! 


He does a good job — pushes plenty of 
tonnage through the tank. Barney rates 
ace-high with the top ingots 
(you wouldn’t expect brass in Ya 
a steel mill, would you?). +. 


“4 


They’ve given him the 
finest equipment to work 
with. It’s got to be good—the 
pickling operation uses a 12% sulphuric- 
acid solution at 200°F. And that can make 
a meal of most metals. But not of Ampco 
Metal! It’s a series of special, super-tough 
copper-base alloys specially engineered to 

resist wear and corrosion, 


That's why O-So-Strong fab- 
ricated the strip rollers and 
side plates from Ampco Metal. 
They’re practically immersed 
in the pickling-tank solution— 

but meet the acid test without puckering. 


Down the street, at the Even-Stronger 
Steel Company, replacement costs have 
dipped, also, since they’ve used Ampco 
Metal in pickling hooks, crates, baskets, 
yokes, and chains. 


Ampco Metal has shown its mettle in 
other ways; for example, in rolling-mill 
applications where resistance to wear and 
shock loads is important — in screw-down 
nuts, screw-down worm wheels, slippers, 
breaker blocks, and other critical parts. 

Though pickling may not have you ina 
pickle, chances are this story 
still applies to you. For nothing 
solves most wear, corrosion, ero- 
sion, abrasion, or cavitation 
problems like Ampco Metal. You 
can get it in any form — sand- 
cast, centrifugally-cast, shell- 
molded, precision-cast, forged, 
fabricated, extruded, sheet, or plate. 


Your Ampco field engineer is the one to 
give you all the facts. Call him in. And 
write for Bulletin 33. 

Ampco Metal, Inc., 

Dept. MP-3, Milwau- 

hee 46, Wisconsin 


(West Coast Plant: Burbank, California) 


AMPCO’ METAL 
The metal without an equal 


es 
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our research is your reward 


HIGH TEMPERATURE 
FURNACE 


For more than a year, this Selas custom-built 
heat-treating equipment has been turning out a 
better product, saving valuable floor space, re- 
ducing materials handling. 

Based on satisfactory experience with this 
equipment, a second similar Selas unit, austem- 
pering another electric typewriter component, 
is scheduled to go into production at IBM this 
month. 


CORPORATION OF AMERICA 
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Example: automatic austempering 


increases IBM type bar production 100% 


For any type of heat processing, for small or large parts, Selas 
can design and build automatic or semi-automatic equip- 
ment to fit into your production line. To learn how Selas 
can help you solve your heat processing problems, write 
Department 33, Selas Corporation of America, Dresher, Pa. 


SE LAS Hest —Auid Processing 


Selas custom-builds heat processing 
equipment to fit into your production line 


Selas heat processing equipment 
austempers 3000 type-bars per hr, 
is designed to produce, with auto 
matic loading. 5000 per hr. Type 
bar (shown actual size) is stamped 
from AISI 1040 steel. austempered 
to Re 42/44. shank flat within 
0.001 in. The integrated unit is 
QUENCH installed next to stamping presses. 

saving floor space, reducing work 

handling. Selas unit makes possible 

100% increase in production 

Costly salt carryover and danger- 
ous tank cleaning are eliminated. 


Time-saving, space-saving, materials-saving 
heat processing equipment is designed and built 
by Selas to meet your specific needs. If desired, 
the complete Selas unit may be shipped intact to 
your plant, ready for insertion into your pro- 
duction line . . . ready, too, to perform its desig- 
nated heat processing functions immediately 
upon hook-up to power. 
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Carburizing Data 


fatigue 
durability 
of 
carburized 
steel 


AN IMPORTANT 
NEW ASM BOOK 


_ THERE 1S A DIFFERENCE 


-—_—— Case Core 


Residual Stress, kpsi 


residual stress distribution in a typical application 


WRITTEN FOR MEN WHO SPECIFY, DESIGN, PRODUCE .. USE 
CARBURIZED STEEL 


7301 EUCLID AVENUE 


This book can help you as you work with carbur- 
ized steel. Here, for men whe specify, design, 
produce, or use carburized steel, is a valuable aid 
in determining effective applications. Here, for 
you, are current, authoritative findings you can 
use for the better performance of your work. 


Don’t overlook this opportunity to be up-to-date. 


INCLUDING 


By J. B. Bidwell, Head, Engineering Mechanics Dept., 
Research Staff, General Motors Corporation 


Effect of Surface Condition 
on the Fatigue Resistance of Hardened Steel 
By G. H. Robinson, Supervisor, Ferrous Metallurgy, 
Research Staff, General Motors Corporation 
Residual Stresses in Carburized Steels 


By J. G. Roberts, Research Engineer, and R. L. Mattson, 
Assistant Head, Engineering Mechanics Dept., Research Staff, 
General Motors Corporation 


Summary 


By R. F. Thomson, Head, Metallurgical Engineering Dept., 
Research Staff, General Motors Corporation 


TECHNICAL AND ENGINEERING BOOK 
INFORMATION SERVICE 

A DIVISION OF AMERICAN SOCIETY FOR METALS 

CLEVELAND 3, OHIO 


From the graph on this page you will note that 
there IS a difference between old data and new 
data. Which are you using? 


Fatigue Durability of Carburized Steel is the work 
of seven authorities of the General Motors’ Cor- 
poration Research Staff. Take advantage of their 
work to update yours. 


(Published 1957) A series of educational re- 
ports on fatigue durability of carburized steel. 
By seven authorities. 123 pages. 6% x 914. Red 
cloth binding. 94 graphs, tables and photo- 
graphs. 45 literature references. American So- 
ciety for Metals. 


$4.00—POSTAGE PAID 


I send to: American Society for Metals 
Technical & Engineering Book Information Service 
7301 Euclid Avenue, Cleveland 3, Ohio 


Please send COPY (S) OF FATIGUE DURABILITY 


OF CARBURIZED STEEL 
Bill me: o 
Bill company: Chek OF 
Money Order Cash oO 
Check here for new ASM Book Catalog: () 


Street: 


-50 W ! 
-100 
he 
Introduction 
i 
Name: 
t 
City: 
state: 
i 


ALLOY ENGINEERING & CASTING COMPANY 


CASTING ALLOY CASTING CO. (pivision) 


CHAMPAIGN, /LLINOIS 
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Greater visibility, trimmer lines 
in new car styling... 
thanks to GAS 


With nearly 7,000,000 cars being produced annually, 
the increased use of glass has demanded major produc- 
tion improvements in the manufacture of new pano- 
ramic windshields and back-lights. 

Since the forming of the intricately curved glass is 
done at a temperature at which glass is soft and can 
be bent, the production process challenged heat process 
engineers to design new automatic equipment capable 
of mass producing these large precision glass pieces. 

Selas engineers, working with the nation’s leading 
glass manufacturer, discovered that Gas could produce 
the proper time-temperature cycle demanded by this 


process, efficiently, quickly, reliably. The flat glass is 
conveyed under radiant Gas burners which bring the 
glass quickly up to bending temperature and allow the 
shaping of windshields, with reproducible uniformity, 
at high production rates. 

The production of this wrap-around windshield is 
another example of the contributions modern Gas 
equipment is making to American manufacturing. If 
you have an operation demanding precise process heat- 
ing, call your local Gas Company’s Industrial Specialist 
and discuss the economies and results you, too, can get 
with modern Gas equipment. American Gas Association. 


See Piayhouse 90 with Julia Meade on CBS-TV. Watch local listings for time and station. Sponsored by your Gas Company and the Gas Industry. 
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This Wissco Belt passes continuously through a brazing furnace, then a water cooling jacket, 24 hours 
a day, five days a week. After six months: not a single belt breakdown and no lengthening reported. 


FAMOUS NAMES 


rideon WISSCO BELTS 


Long Manufacturing Division— 


Borg-Warner Corporation 


The story rd Wissco Belts is best told by their users. For 


instance, Mr. Henry Colenso, Plant Engineer of the Long 
Manufacturing Division, Detroit, Michigan says: 

“Our Wissco Belt has enabled us to increase our 
production almost 4% by eliminating downtime due 
to belt replacement and slack take-up.” 

The belt carries oil coolers through a brazing furnace 
operating at a temperature of 2090°F . . . then runs through 
a water jacket which cools the belt to room temperature. 

“The thicker belts we used previously could not stand the 
stress caused by these sudden large temperature changes,” 
Mr. Colenso reports. “They would stretch so that the 
conveyor had to be stopped for about three hours every 
week while two or three feet of slack were cut out and 
repairs made. And we lost a full day’s production on this 
portion of the line once every four months, while the belt 
was completely replaced. Our total annual loss due to these 
stoppages alone amounted to almost 4% of our overall 
production. 

“Since our Wissco Belt was installed about six months 


ago, we have not had one single belt breakdown. The main 


reason for its continued successful operation is its thin, 
flat spiral construction,” Mr. Colenso continues. “The 
spirals in the belt are preseated during manufacture, and 
the belt has not stretched during operation. Compared with 
other belts we have used, and we’ve made many experi- 
ments, the Wissco Belt has proven outstanding for long 
life and continuous service.”’ 

What Wissco Belts have done for Long Manufacturing, 
they can do for you in your processing-conveying opera- 
tions. For further information contact the sales office 
nearest you. 


5921 


THE COLORADO FUEL AND IRON CORPORATION—Denver ond Ooklond 


WICKWIRE SPENCER STEEL DIVISION 
Atlanta * Boston * Buffalo * Chicago * Detroit New Orleans * New York * 
CF&l OFFICES IN CANADA: Montreo! 


WISSCO BELTS 


PRODUCT GF WICKWIRE SPENCER STEEL DIVISION 
THE COLORADO FUEL AND IRON CORPORATION 


Philadelphia 
Toronto 


GERMANIUM AND LOW VOLTAGE 
RECTIFIERS GENERATORS 


peace” AND FIELD SERVICE 


EVERYTHING FOR 


H-VW-M is your one source for supplies, equipment — and the 
best service anywhere! 

Whether you're setting up a new aluminum finishing shop, or 
enlarging or modifying existing facilities, you can fill all your 
needs at H-VW-M. That’s because H-VW-M is the one company 
combining a complete engineering service with a full line of 
equipment and supplies for modern aluminum finishing. 

Here’s an idea of what you can get, anytime, from H-VW-M: 
@ ELECTRICAL EQUIPMENT —a full line of both Germanium and 

Selenium rectifiers, 6 to 48 volts, remote and self contained 

models, with a wide choice of controls. Or a wide range of 

low voltage generators. 

STILL TANK OR FULL AUTOMATIC EQUIPMENT — whatever you 

need, from a single component to a complete, integrated “DIAL-A-CYCLE” MEANS AUTOMATED ANODIZING — 

system set the dial, and the H-VW-M automatic conveyor does 
- the rest! One operator can anodize or electroplate a 


ALUMINUM FINISHING SUPPLIES — new compounds, improved number of different parts, each requiring its own special 
cleaners, and H-VW-M “Job-Tailored” Buffs, to give you top finish, treatment, or color. Carrier follows dial setting, 
economy in every finishing step. lowers parts into right tank for right period, bypasses 
ENGINEERING SERVICE AND INSTALLATION—one responsibility, others—aviomatically. Save on production time, labor, 
all the way. H-VW-M engineers and technicians are special- Wags naan. 
ists in anodizing equipment, with years of experience behind 
them. 

For all information, write to Hanson-Van Winkle-Munning Company, Matawan, New Jersey. Offices in principal cities. 


PLATEMANSHIP — Your H-VW-M combination— 


of the most modern testing and develop- 
a = ment laboratory—of over 80 years experi- 
ence in every phase of plating and 
polishing — of a complete equipment, 


process and supply line for every need. ® 4761 


INDUSTRY'S WORKSHOP FOR THE FINEST IN PLATING AND POLISHING PROCESSES + EQUIPMENT + SUPPLIES 
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GENERAL ALLOYS BRANCH OFFICES AND REPRESENTATIVES 


BALTIMORE, Marviane 
Emit Gathmann. ir 
513 Park Avenue 


York 
enera’ Company 


NATIONAL ENGINEERING 


CHICAGO, 


Ea T 


CLEVELAND 15, Otte 
E. Whiteside 
2254 Ewetld Ave 


Heat and Corrosion 


PHILADELPHIA 20. Pa 
e e General Alloys Ce 

Bernard 5. Conway 

esisran 2714 


DETROIT 2. Michigan 


me 
5-147 General Motors Bids 


FORT WAYNE Indien 
The George 0. 
P.O 1176 
2906 Broadway 


General Alloys Company products 


PITTSBURGH 15. Pa 
Vincent C. 


ROCKFORD. ILLINOIS 
Beniamin F. Otiman 
117 S. Wyman 


ing service offering unexcelled me- ct 


Sales & Service, tnc 
1827 Patata Street, 
Bell, California 


chanical and metallurgical Heat and re 


INDIANAPOLIS 6. tndians 
The George 0. Oesautets Co 
2302 N. Meridian Street 

Box 701! 


Corrosion Resistant Alloys for all 


sT. Levee 16, Missourt 


Defense and Industrial applications. 


MUNCIE, 
The George 0. Deseutets Co 
0. Box 


"There is no substitute 


M. Sampter 
60 Church Street 
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GENERAL ALLOYS CO. 


405 WEST FIRST STREET BOSTON, MASS. 


“OLDEST AND LARGEST EXCLUSIVE MFRS. OF 
HEAT & CORROSION RESISTANT CASTINGS” 


Buffalo 23. NY 
| — 
104 Fourth St 
Sharosburg. Pa 
tne 
P.O. Box 4235 
Tower Grove Station 
yew 
- re 
LO 
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EASTERN SALES AGENTS «+ ST. JOSEPH LEAD COMPANY + 250 PARK AVENUE, NEW YORK 17 


BUNKER HILL 99.99+% Zinc 


SALES OFFICE FOR PACIFIC COAST * THE BUNKER HILL COMPANY + 660 MARKET STREET, SAN FRANCISCO 4, CALIF. 
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to zinc die castings from A 
@luminum sand castings enabled 
Baldor Electrie'Co., St. Louis, Mo.to 
unbalanced, and required expensive 
- B, Mueller Co. of St. Louis, Mo., 
because: of the inherent corrosion 

dimensionc accuracy. 4. and less expensive to 


TALIDE DIE SAVES OVER *20, 000 


Leading Fountain Pen 


T GUARDS Manufacturer cold 
DRAWING G AUTO 0 B te ae 33 times more 
— 


stainless steel parts 
with TALIDE dies. 


HEADING AND EXTRUSION DIES 


Cold heading 4” C-1008 rivets, TALIDE 
dies produced 11,200,000 pieces, other car- 
bide dies only 3,500,000. 


CURLING 
ROLLERS 
TALIDE Curling Rolls last 
65 times longer than steel 


rolls on beverage can form- 
ing operation. 


@ Oakman Manufacturing 
Company, large Detroit stamping 
firm, found it difficult to deep 
draw steel bumper guards. Com- 
plex bends, up to 120 degrees, 
produced extra stress and strain 
on the $1800 chrome-plated BLANKING AND FORMING DIES 
drawing die. 70 times more paper discs blanked out with 
It was necessary to stone the TALIDE—over hard alloy die. 
die surface every hour, and hand 
polish entire drawing surface after each day's run. The steel die had to be completely 
reworked and a new chrome-plated surface added after drawing 60,000 parts. Down- 
time for maintenance made it difficult to maintain production schedules. Maintenance 


costs soared. SHEET METAL 
A Grade C-80 Talide die ($2700) was installed 8 months ago. To date it has DIES 
drawn over 800,000 guards with no wear in evidence. Downtime for die maintenance 137,000 hi-alloy 
has been greatly reduced. A buffing operation (25 per piece), previously required, stee! pressure 
has been entirely eliminated because of the smoother, brighter, more durable finish eeeine 
achieved with the Talide die. 


against only 
A Talide die engineer can help you cut costs and in- p acene Sen 
crease production on draw presses, punch presses, pill used. 
presses, cold headers, swagers and draw benches. 
METAL CARBIDES CORPORATION, 6001 SOUTHERN 
BLVD., YOUNGSTOWN 12, OHIO. 


Send for 76-Page Catalog 56-G 


POWDERED 
METALLURGY 
DIES 


Compacting 
highly abrasive 
chemical pow- 
ders, TALIDE 
pill dies last 4 
months, steel 
dies wore out in 
6 hours. 


OVER 25 ‘YEARS’ EXPERIENCE IN TUNGSTEN. CARBIDE METALLURGY 
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OTHER IMPORTANT ASM METALS BOOKS 
YOU SHOULD HAVE FOR HANDY REFERENCE 


ALLOY CONSTRUCTIONAL STEELS 


By H. F. French, International Nickel Co., with a joint paper 
by F. L. LaQue on Corrosion 

Here is a book which was prepared as a word-picture of 
the activities of alloys in constructional steel. It is also 
intended to provide data which might help the reader in the 
selection of steels for different classes of service. In a large 
sense, the material has been assembled with the view of illus- 
trating alloy steels in our current industrial civilization. 
There are five sections in the book with numerous illustra- 
tions, graphs, and charts. It is well indexed both from a 
standpoint of subject matter and author references. A truly 
valuable reference work for all metal engineers. 1942. 


300 pages.................... red cloth 


EFFECT OF RESIDUAL ELEMENTS ON 
THE PROPERTIES OF METALS 


The effect of residual elements on the properties of metals is the 
central theme of this volme, originally presented as an ASM educa- 
tional lecture at the 1956 National Metal Congress in Cleveland. E. R. 
Parker, University of California discusses fundamental considerations 

such as structure—formation of second phase effects of soluble 
elements and second phases upon properties. F. N. Rhines, Carnegie 

ech, presents a paper on the impurities in the common nonferrous 
metals—such as aluminum, magnesium, copper and nickel. The residu- 
al elements in steel is discussed by J. W. Halley, Inland Steel Company. 
W. G. Pfann, Bell Telephone Laboratories, presented a discussion on 
impurities in semiconductors, a lecture originally prepared by J. H. 
Scaff, also of Bell Telephone Laboratories. The newer metals—titanium, 
zirconium, molybdenum and chromium are metals covered in a discus- 
sion by D. J. McPherson, Armour Research Foundation. 


217 pages.......6 x 9... illustrated red cloth 


$4.00 


BEHAVIOR OF METALS UNDER IMPULSIVE LOADS 


By John S. Rinehard, Research Physicist, and John Person, 
Research Engineer, Michelson Laboratory, U. S. Naval Ord- 
nance Test Station, China Lake, California 
Concept of Impulsive Loading—Properties of Materials 
Under Conditions Imposed by Impulsive Loading—Propagation 
of Transient Disturbance—Explosives and Explosions—Char- 
acteristics of Impulsive Loads—Methods of Observation and 
Apparatus: Nonphotographic—High Speed Photographic Tech- 
niques—Inelastic Behavior Under Nonimpulsive Loading— 
Fracturing Under Impulsive Loading—Plastic Deformation 
Under Impulsive Loading—Structural Changes Under Impul- 
sive Loading—Behavior Under Impact—Practical Application 

of Explosives. 1954, 


247 pages 


$5.50 


FATIGUE 


A series of educational lectures on Fatigue presented to mem- 
bers of the ASM during the 35th National Metal Congress in 
Cleveland, October 19-23, 1953 


Basic Concepts of Fatigue Damage in Metals—By T. J. 
Dolan, Professor and Head, Department of Theoretical and 
Applied Mechanics, University of Illinois, Urbana, Ill. 

Fatigue Failure Under Resonant Vibration Conditions—By 

. J. Lazan, Professor and Head, Department of Mechanics 
and Materials, University of Minneapolis, Minn. 

Fatigue Characteristics of Large Sections—By O. J. Horger, 
Chief Engineer, Railway Division, Timken Roller Bearing Co., 
Canton, Ohio. 1954. 


118 pages... 6 x 9 


PROPERTIES OF METALS IN 
MATERIALS ENGINEERING 


A series of nine educational lectures 


Nine of the country’s top authorities have cooperated to 
make available a single hn. Anes of outstanding significance. 
There are chapters on the fundamental concepts of metal 
properties, and discussions covering the properties of metals 
under direct or non-reversed loading, and an expertly written 
discussion is included on the Application of Fatigue Data to 
Machine Design. You learn from this volume the instrumen- 
tation which determines the state of stress. One of the spe- 
cific problems covered is the Analysis of Stress in Aircraft 
Engines. Another equally important engineering problem is 
the discussion of Design for Energy Absorption. 1949. 
170 pages. 6x9 


CREEP AND RECOVERY 


This book contains the papers presented at the Annual ASM 
Seminar in Cleveland in 1956. As with previous ASM Seminars 
this book is of an exceptionally high character. 

Dr. R. Maddin was coordinator of the two-day Seminar 
sessions. 

The Concept of Creep—Defects and Recovery—The Thermo- 
dynamics and Kinetics of Recovery—Polygonization—Recovery 
of Electrical Resistivity—-Recovery of Mechanical Properties— 
Recovery of Internal Friction and Elastic Constants—Theory 
of Creep—The Role of the Boundary in Creep Phenomena— 
The Effect of Alloying Elements on Creep—The Spectrum of 
Activation Energies for Creep—Creep and Fracture—Creep of 
Crystalline Non-Metals. 1957. 


$7.50 


ENGINEERING ALLOYS 


By N. E. Woldman, Consulting Engineer 

Over 19,000 alloys are listed in this one-volume library of 
alloy information. This book lists alloys by trade name and by 
manufacturer. It gives properties, compositions, and typical 
applications. 

Engineering Alloys is a revision and an extension of the 
former volume published by the American Society for Metals. 

The new edition is divided into five sections: (1) An alpha- 
betical listing of all commercial alloys. (2) Alloy data, includ- 
ing names, properties and uses. (3) A directory of manufac- 
turers and their alloys. (4) A key index and discussion of 
manufacturers, (5) An appendix classification of corrosion and 
heat resistant alloys with definitions and heat-treating terms. 

ees in the new volume will be testing and other useful 
tables. 

All important commercial alloys from all over the world are 
shown in this alloy encyclopedia as the result of ten years of 
painstaking effort on the part of the author and the alloy man- 
ufacturers. Revised 1954. 


6 x 9....................804 $15.00 


j Send to: American Society for Metals 
| Technical & Engineering Book Information Service 
7301 Euclid Avenue, Cleveland 3, Ohio 


ALLOY CONSTRUCTIONAL STEELS ($4.50) 
EFFECT OF RESIDUAL ELEMENTS ($4.00) 

| BEHAVIOR OF METALS UNDER IMPULSIVE LOADS ($5.50) 
FATIGUE ($3.00) 

| PROPERTIES OF METALS IN MATERIALS ENG. ($4.00) 

| CREEP AND RECOVERY ($7.50) 

| ENGINEERING ALLOYS ($15.00) 

Enclosed find Cash Check [] Money order 
Bill me: Bill my company: 

| Check here for new ASM Book Catalog: [] 

; Name 

| City 


ooO00000 


j Company Title 
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MOLY NEWS 


Can be Adapted to a 
Wide Range of Uses 


To offset rising equipment and main- 
tenance costs, the savings possible with 
wear-resistant alloy steels are receiving 
increasingly wide attention, in a grow- 
ing number of industries. 

Two types of “Chrome-Moly” steels 
show exceptional resistance to abrasion 
and wear under toughest conditions. 
Both have substantially cut liner costs 
and shutdown time in grinding mills. 
Both are suitable for a variety of other 
industrial applications because they 
combine wear resistance, favorable first 
cost, freedom from premature failure 
by breakage or spalling, resistance to 
flow in service, consistently uniform 
performance and adaptability to speci- 
fic designs. 

The two types are Pearlitic (250-450 
BHN) and Martensitic (450-700 BHN). 
Carbon and alloy contents and heat 
treatments of both types can be varied 
to suit specific applications. 


Chrome-Moly Steels Prove Ability 
To Resist Wear and Abrasion, Cut Costs 


Note that the spiral wear pattern is clockwise, 
even though the mill’s rotation is counter- 
clockwise. Type 2 Martensitic steel is used here. 


For an article on the use of Chrome- 
Moly steels, send for “How to Select 
Chrome-Moly Steels for Ball and Rod 
Mill Liners” byT. E. Norman, reprinted 
from Engineering and Mining Journal. 
Circle #1 on the coupon. 


Today, gasoline trailer tanks are built 
of super-strength structural steels for 
a good reason. The steels have high 
strength/weight ratios. This factor ena- 
bles builders to design tanks that carry 
greater payloads and still meet legal 
gross weight limits. And the extra 
capacity pays for the higher trailer cost 
in a few months! 


New Use For Super-Strength Structural Steels 


2 
bed 


This use is only one of countless pos- 
sibilities for utilizing the steels’ mini- 
mum yield strengths of 55,000 to 150,000 
psi... and their many other desirable 
properties. For more information, in- 
cluding tradenames and compositions, 
ask for “Super-Strength Structural 
Steels.” Circle #2. 


Sums Up Moly’s 
Resistance to Corrosion 


A new paper, “Corrosion Resistance 
of Molybdenum and Molybdenum-Base 
Alloys,” based on published literature, 
summarizes moly’s resistance to a num- 
ber of corrosive media. It also lists the 
reference articles. For a copy of this 
paper, circle #6. 
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Molybdenum Improves 
Corrosion Resistance 
of Stainless Steels 


Translated excerpts from two French 
articles discussing how moly improves 
the corrosion resistance of austenitic | 
and austenitic-ferritic stainless steels | 
are now available. Circle #7. 1 


Special Steels Solve 
Hydrogen Sulphide 
Problem 


natural gas field brought up a metal- 
lurgical problem: the need for tubing 
meeting the N-80 strength requirements 
but with better resistance to sulphide 
stress corrosion than the conventional 
developed. One contains chromium, alu- 


contains chromium, molybdenum and 


Hydrogen sulphide in France’s Lacq 


N-80 grade. Two such steels have been 
minum and molybdenum; the other 


vanadium. 

For articles discussing both steels, 
send for “A Special N-80 Steel Tubing 
...” by Cauchois, Didier and Herzog, 
reprinted from Corrosion, and “Com- 
ments on new French N-80 Steels” pub- 
lished by Climax. Circle #3. 


Vanadium in Low-Alloy, 
High-Temperature Steels 


Molybdenum is a must in low-alloy, 
high-temperature steels. However, 
recent tests at the U.S. Naval Research 
Laboratory point up the role of Vana- 
dium in such steels, and show the effect 
of variations in composition and treat- 
ment. Addition of Vanadium results in 
a better high-temperature alloy, but 
getting the improvement requires 
higher normalizing temperatures. 

The advantages and limitations are 
described in an /ron Age article, “Higher 
Vanadium Improves Hot Strength of 
Low Alloy Steel,” by Paul Shahinian 
and J. R. Lane. For reprints, circle #4. 


New Cleaner Removes 
Surface Oxides 
From Moly Metal 


A practical, low-temperature method 
of cleaning molybdenum has recently 
been developed. It is especially suitable 
for removing surface oxides prior to 
welding. The process involves two chem- 
ical baths: one at 150-180°F, the other 
at room temperature. Digested from 
“Ryan Devises Molybdenum Cleaner,” 
Ryan Aeronautical Company. For 
reprints, circle #5. 


Climax Molybdenum, Dept. 5 

500 Fifth Avenue, New York 36, N. Y. 
I'd like more information on: 
1 2 3 4 5 6 7 


Name 

Company 
Address 
City 
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ELEMENTS OF METALLURGY 


Because opportunity does exist, and 
because so many wish to become 
more capable, more expert than they 
already are, a new, last-word-on- 
the-subject course on the Elements 
of Metallurgy has been prepared. 
It provides a clear understanding 
of the underlying principles of 
metallurgy so any worker in metals 
can know more about a very impor- 
tant subject which has a direct bear- 
ing on his work, his career, and his 
earning power. 


THE OXY-ACETYLENE PROCESS 


The metal fabricating industry needs 
men who know the oxy-acetylene 
process ... you can be one of those 
men! Each lesson contains the most 
recent material available . . . not 
material that is five or ten years 
old. Now you can help solve the 
challenging problems that newly 
discovered metals and newly devel- 
oped alloys will bring to the metal 
industry’s welders, just by using 
your spare hours at home. 


HIGH TEMPERATURE METALS 


One of the most timely home study 
courses available anywhere, High 
Temperature Metals, authoritatively 
covers a broad, vitally essential area. 
Jet engines, modern automobiles, 
the electricity you use, the high 
quality gasoline . .. all these are 
made possible by high temperature 
metals, and the surface of tomor- 
row’s uses is yet to be scratched. 
Here is a field where the expert you 
can become knows no limits. 


TITANIUM 


You can grasp success from the cir- 
cumstances that spell success ...a 
new metal ... an important metal 

. and an industry hungry for 
knowledge of its processing and 


application. Only a fraction know 
titanium as you can know titanium 
just by taking advantage of 

your own free hours at home. 
The course summarizes the metal- 
lurgy and technology of titanium 
. . Where titanium is today, and 
the direction in which it is headed. 


ELECTROPLATING AND METAL 
FINISHING 


Here is a course that will give you 
a thorough knowledge of metal fin- 
ishing . . . it starts from scratch to 
teach and review the fundamentals 
and then covers the more detailed 
material that you must know to get 
on top, and remain on top, in this 
exciting and vital industry. With 
just a few spare hours you can pre- 
pare yourself for promotion and 
obtain the knowledge that will in- 
crease your earning power. 


HEAT TREATMENT OF STEEL 


So that you may bridge the gap be- 
tween your present ability and 
modern expertness in heat treat- 
ment, MEI offers the home stud 
course, Heat Treatment of Steel. 
It’s the last word on present-day 
methods and techniques .. . just 
what alert heat treaters are looking 
for. Learn the details that must be 
understood in order to turn out work 
having desired hardness free from 
cracks, distortion, and other defects. 


STEEL FOUNDRY PRACTICE 


Steel castings are big business and 
getting bigger. New demands and 
new processes are a daily occur- 
rence. More than ever foundries 
need men with up-to-the-minute in- 
formation in every phase of cast- 
ing technology. Here is an oppor- 
tunity for the ambitious man-who- 
knows to know more. Grow with 
your industry by taking this unique 


CHECK AND MAIL TODAY 


Metals 
Engineering 
Institute 


7301 Euclid Avenue 
Cleveland 3, Ohio 


Elements of Metailurey 
Heat Treatment of Stee! 
High Temperature Metals 
Titanium 
ainless 
“and Metal Name ............. 
nish 
O Gray tren Foundry Prac- 


tice 
Bi xy-Acetylene Process 


coupon. 


iteel Foundry Practice 
Primary and Secondary 
of Lead and 

— Steel Plant Processes Co. 


This Coupon Can Mean Success— 
A Year from Today! 


PLEASE SEND FURTHER INFORMATION ON COURSES 
| HAVE CHECKED AT RIGHT. 


There is no obligation on my part in the return of this 


. NO OBLIGATION 


course that fits any schedule and 
concentrates solely on your business 
—“Steel Foundry Practice.” 


STAINLESS STEELS 


The stainless steel industry is grow- 
ing by leaps and bounds. New appli- 
cations are being developed for the 
automotive, aircraft, and chemical 
industries. Its corrosive resistance 
and high temperature character- 
istics are creating new demands. 
Stainless steels have a tremendous 
future .. men who really know 
stainless steels have before them 
an exciting opportunity ... and you 
can be one of those men! 


GRAY IRON FOUNDRY PRACTICE 


More tonnage is cast annually in 
gray iron than in all other cast 
metals combined. If you want to 
know the “how” and “why” of 
gray iron foundry operations, here 
is your opportunity to open the doors 
to new successes whenever oppor- 
tunity knocks for years to come. 
You can begin at once to explore 
the world of the foundry in lessons 
written by experts . .. in the lan- 
guage of the layman... in your own 
spare time. 


METALS FOR NUCLEAR POWER 


Written by a recognized authority 
on the subject, this text is one of 
the outstanding offerings of home 
study courses by the Metals Engi- 
neering Institute. The metallurgy 
and fabrication of uranium, plu- 
tonium, and thorium are discussed, 
as well as the effects of radiation on 
the properties of various types of 
metals. There is a presentation on 
radiation detection and safety meas- 
ures. 


STEEL PLANT PROCESSES 


This course, written by a practical 
steel man with long experience in 
the business, takes a comprehensive 
look at all phases of steel plant 
operations. Beginning with the raw 
materials and cooking operation, it 
proceeds through a description of 
the blast furnace, open hearth, elec- 
tric furnace, and bessemer process 
to a detailed discussion of the fin- 
ished products. A few spare hours 
can mean rapid advancement. 


PRIMARY AND SECONDARY 
RECOVERY OF LEAD AND ZINC 


Here at last is thorough, detailed, 
and authoritative knowledge on pri- 
mary and secondary recovery of 
lead and zinc. Designed with your 
future in mind, this home study 
course offers hard-to-get material 
that will give you the necessary 
know-how you need for promotion 
and higher earning power. 
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This is the ... 


metais 
METALS FROM 
ASM METALS 
ENGINEERING INSTITUTE engineering 
institute 
ILLUSTRATED SK 
SIXTEEN PAGE | si 
TWO COLOR 
CATALOG 


@ of 
American Society tor Metols 


Announcing the FIRST MEI CATALOG 


Send for your free catalog today. 


FREE! NO OBLIGATION 


r 
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METALS ENGINEERING INSTITUTE 
7301 EUCLID AVENUE, CLEVELAND 3, OHIO 


Please send me free of charge a copy of the First 


® GIVES LISTING AND EXPLA- MEI Catalog. 


NATION OF ALL AVAILABLE 


COURSES. 
NAME TITLE 
@ INTRODUCES THE MEI STAFF. 
COMPANY 
@ INTRODUCES THE MEI BOARD 
OF GOVERNORS. 
STREET & NO. 


@ INTRODUCES ME! NATIONAL AD- 


VISORY COUNCIL. CITY & STATE 


NOw!. ee you can build 


custom conveyors from these 
standard components! 


May-Fran 
conveyor 
standardization 
cuts materials 
handling costs 

in the metalworking 
industry 


Through standardization, 
you now can construct a <7.) — EF 
“customized” conveyor to 
meet individual job require- f7/ 


ments. The May-Fran com- 
ponents, mass produced... —— 


can be assembled into vir- 


tually any type of hinged- Sy 
steel conveyor for the han- hij f= 
dling of stampings, formed 
metal parts, forgings, scrap, 
chips and turnings. 
Straight sections, concave or [ZZ 
convex sections, take-up and tty 
| a 


discharge-end sections can 
be furnished to meet require- 
ments of belt width as well 


as load bearing and volume AS, 
capacities. These fabricated 
sections can be furnished 


immediately, from stock, at 
low cost. 


MAy-FRAN 


INC. 


ENGINEERING, 


Mer~v-Fran Engineering, Inc. 
1704 Clarkstone Rd., Cleveland, Ohio 


Please send me (free) MF-600 


Title 


4 Company 


7863-MF 


PLASTI 
QUENC 


in liquid form 
from Fuller 


Your nearby Fuller Plant can give you 
immediate service on your Plastic 
Quench needs. Supplied in ready-to- 
use, concentrated solution, there are 
no problems of dusting, weighing, 
mixing or eliminating lumps. Order 
your Plastic Quench from Fuller for 
trial in 5-gallon pails, or in standard 
30-gallon and 55-gallon drums. Con- 
tact any one of these closeby plants. 


Atlanta, Ga., 655 Mead St. S.E., MA. 7-1939 
Buffalo, N. Y., 1934 Elmwood Ave., RIV. 6366 
Chicago 22, IIl.,904 W. Blackhawk St., MI. 2-6300 
Cincinnati, Ohio, 4020 Cherry St., MU. 1-5420 
Dallas, Tex., 2217 Laws St., RI. 7-7315 
Kansas City, Mo., 915 Broadway, VI. 2-9887 
Linden, N. J., 1201 Fuller Road, WA. 5-2272 
Los Angeles, Calif., 3250 Mines Ave.,AN.3-0805 
Memphis, Tenn., 802 Royal Ave., JA. 6-4212 
Portland, Ore., 3332 N.W. Yeon Ave., CA. 3-6625 
So. San Francisco, Calif., 57 So. Linden Ave., 
Pl. 6-5450 
St. Paul, Minn., 1144 Eustis St., MI. 6-8641 


BB. Fuller Co. 


255 Eagle Street - CA 2-0505 
St. Paul 2, Minnesota 
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No failure of muffle, burner, nor refractory has 
occurred in the six years since Lindberg Steel 
Treating Co. of California installed the Hydro- 


gen annealing furnace shown in the background 
of this picture. Muffle is Inconel alloy. Furnace 
was made by Lindberg Engineering Co., Chicago. 


See how Inconel alloy stands up in bright annealing service! 


After six years...half the time above 2050°F 
...muffle is still strong, still gas tight 


The Inconel* nickel-chromium muffle 
shown above has just been removed 
from the Lindberg, gas-fired, hydro- 
gen-atmosphere furnace immediately 
behind it. 

After six years of bright annealing 
stainless steel, bright hardening, cop- 
per brazing and powdered metal sin- 
tering... after six years at tempera- 
tures of 1300° to 2100°F. ... after 
six years of dissociated ammonia at- 
mospheres inside the tube and com- 
bustion gases outside... the muffle 
is being retired. 


Not because of weakness! Not be- 
cause of gas leaks! Not because of 
frequent repair! You can see none of 
these possibilities hold. 

There is some distortion midway 
along the tube. And just as you might 
do, the operators are taking the pru- 
dent step of replacing in advance of 
actual need. With this evidence be- 
fore you, you can anticipate what 
alloy they will use. 

Because it’s Inconel alloy, produc- 
tion of the replacement will be simple 
and fast. Inconel alloy is outstanding 


for production versatility. Easy to 
form. Easy to weld. This is borne out 
by the tremendous variety of equip- 
ment now being made of this useful 
high temperature material. 

Would you like pictures, descrip- 
tions, and service records of some of 
these items of equipment? Send for 
the Inco booklet, “Keeping Operating 
Costs Down as Temperatures Go Up”. 


The International Nickel Company, Inc. 
67 Wall Street Zs. New York 5,N. Y. 


INCO NICKEL ALLOYS 
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SCHERR PROJECTOR 


VERTICAL 


You Get Better Performance 
and Greater Economy . . . with 


BRUSHING TOOLS! 


tical de- 
pertment ond Production Shop. 


WRITE FOR 
SPECIAL CHARTS made ILLUSTRATED FOLDER 


For almost every brushing job to your specifications. | CODE GiUJY 

there is usually one combination 

that gives the best results. GEO. SCHERR CO., Inc. "S 
Pittsburgh has been satisfac- COMPLETE LINE OF FRECISION INSTRUMENTS 
torily supplying industry for | 200-PG LAFAYETTE STREET © NEW YORK 12, N.Y. 
many years with a wide selection 
of brush types, diameters, speeds 
and filaments that give superior For heavy service 
performance with low cost. at high temperatures 
@ No matter what kind of work 

you do, when you need brushes HARROP NMR-12 
—call on Pittsburgh. Our long 


experience in designing and ELECTRIC 


making high quality brushing 
tools for every need can save FU RNACE 
you time and money. Write or 

call collect Pittsburgh Plate Glass 
Company, Brush Division, | Moke, furnace work in laboratory 
Dept. MP-38, 3221 Frederick time and expense ... conserve floor 


: space with this compact non- 
Avenue, Baltimore 29, Md. metallic resistor furnace. 


Designed for heavy continuous, 
high temperature operation. Op- 
tional instrumentation for simple 
temperature control, or repetitive 
heating to any preselected tem- 
perature with or without adjust- 
able holding time or with complete 
program control. 


Specifications: Setting space 12” wide x 14” high x 17” deep. 3000 
F. internal refractories. External blower for accelerated cooling 
Transformer capacity 15 KVA at 110 volts, 30 KVA at 220 volts on 
the secondary. Can be equipped for all standard voltages, phases 
and frequencies. 


Other standard Harrop models from 7” x 7” x 9” to 36” x 36” x 40” 
setting space. 


4 Special furnace designs adapted from standard components or 
: custom-built to any size, instrumentation or fuel requirements 
foal T TSBU ROH Let Harrop's long experience and engineering abilities solve your 
furnace problem. For non-obligating recommendation send infor- 
mation on materials, temperature range, heat contro! and firing 
BRUSH ES objectives to Dr. Robert A. Schoenlaub, Technical Advisor. 
HARROP ELECTRIC FURNACE DIVISION OF 


tHovrop Conamic Sewice Co. 


ero nee | Dept. M, 3470 E. Fifth Ave. Columbus 19, Ohio 
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INCORPORATED 


- continues its steady growth in the engineering, 
design and manufacture of low-temperature processing 
plants and components for the steel and chemical 
industries—and for national defense. The company em- 
ploys over 2,000 in the manufacture of specialized 
process equipment requiring latest technology in weld- 

/ ing and joining costly materials. 


@ WELDING ENGINEER 
and METALLURGIST 


This supervisory position requires BS or MS. Ex- 
perience in latest technology on stainless steels, 
aluminum and non-ferrous, for pressure vessels and 
process equipment. Responsible for methods, de- 
sign and supervision. 


@ WELDING SUPERVISOR 
Experienced. (Formal education not required.) 


Air Products, Inc. is located in the Pocono Mt. region, 
one of the most favorably situated communities for 
permanent family living in the East. Sound bene- 
fits—professional development—moving paid. 


Please send resume in confidence to 
Director of Technical Personne! 
P. O. Box 538, ALLENTOWN, PA. 


the meter with the 
built-in Valve... 


With the Waukee FLO-METER’S built-in 
Valve, you adjust the gas flow in full view of 
the scale. You can see what you're doing! 


The Control Valve is an integral part of the 
FLO-METER, designed for panel mounting 
and simple piping. No extra valve piping or 
installation. Saves time and money. 


It’s a Waukee-designed and built valve — 


sturdy, simple, smooth. Needle-valve principle 
for accuracy, sensitivity, and easy cleaning. 


And you can still clean the FLO-METER in 
5 minutes or less! 


Complete information in Bulletin 203. Write 
for it. Waukee Engineering Company, 5140 
North 35th Street, Milwaukee 9, Wisconsin. 
For measuring: air — ammonia — dissociated ammonia 
— argon — butane — city gas — endothermic cracked 
— exothermic cracked — forming gas — helium — hy- 
drogen — natural gas — nitrogen — oxygen — propane. 


Waukee FLO METERS AIR GAS MIXORS 
INDUSTRIAL WASHING MACHINES 
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Automatic 
powder 
metal 
press 


OUTSTANDING 
FEATURES: 

© 7,” fill 

© Ejection power 100 tons 

© Safety device against overload 

e All movements fully synchronized 
e Fully mechanical with hydraulic pressure indicator 
© Motorized precision adjustment for top cross head 


© Centrally located controls with micrometer adjustment for 
floating die action; independent fill adjustment for tools 
with several fill levels; independent timing adjustment 
for compression from top and bottom; ejection adjustment. 
This is only one of a complete line of powder meta! presses. 
Top engineering and maintenance services. 


For demonstration contact: 
DORST DIVISION ARNHOLD CERAMICS, INC. 


Sales and Engineering Organization for U. S. and Canada 
1 East 57th Street, New York 22, N. Y. 


Height: 11.8 feet 
(Fully Extended) 
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An EF installation consisting of a 1500 and a 3000 cfh exothermic An EF kerosene exothermic gas generator. These are also built in 
horizontal water cooled type special atmosphere unit, each with several sizes and types for producing special atmospheres for use 
desulphurizing towers and refrigerators for bright annealing steel in bright annealing copper and steel products in areas where fuel 
and copper, and clean annealing brass. gases are not available, 


SPECIAL ATMOSPHERE EQUIPMENT 


For any Heat Treating Process... any Capacity 
Long Experience = High Efficiency + Low Maintenance 


® As pioneers in the develop- 
ment and use of equipment for 
producing low cost special at- 
mospheres, we are in position to 
furnish a wide range of reliable, 
thoroughly tested special atmos- 
phere units, including endo- 
thermic and exothermic gas 
generators, ammonia dissocia- 
tors, refrigerators, dryers, de- 
sulphurizers, gas scrubbing units 
and other special atmosphere 
equipment — equipment with a 
reputation for high efficiency,— 
and low maintenance and 

operating costs. 


: yailable in several Submit your furnace or special 
Gos scrubbing units ore dt with EF special atmosphere problems to experienced 
sizes ond equipment where engineers — IT PAYS 
to remove CO: OF 
may 9g decarburisen: 
THE ELECTRI FURNACE CO. ag 
WILSON ST. of PENNA. RR. alenm ~ Chuo 


GAS FIRED, OIL FIRED AND ELECTRIC FURNACES FOR ANY PROCESS, PRODUCT OR PRODUCTION 


EF special atmosphere installation consisting of an exothermic An installation consisting of two small EF oil fired endothermic 
generator, refrigerator and dryer as used with EF furnaces for generators producing special atmospheres from propane for 
bright and clean annealing ferrous and non-ferrous products. carburizing and other processes. 
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AVAILABLE AT YOUR LOCAL STE SERVICE CENTER 


‘COPPERWELD 
ARISTOLOY Today's steel warehouses, scattered across 


—e Beg, the country, provide fast truck delivery of 
Aristoloy bars, hexes and rounds, in a 

wide range of A.L.S.I. grades and sizes. A 
telephone call to one of these modern steel 
service centers will put you in touch with an 
immediate source for most of your steel needs. 
Your local steel warehouseman can ease 
your inventory burden and the expense and 
trouble of stocking these items. He is also 
well equipped by training and experience 
to offer technical advice . . . to assist you 
in selecting the best Aristoloy 
to do your particular job. 


New Leaded Steel Catalog 
now available. Write for 
your copy today. 


COPPERWELD 
STEEL COMPANY 


Steel Division 

4013 Mahoning Avenue 

Warren, Ohio 

EXPORT: Copperweld Stee! International Co. 
225 Broadway, New York 7, N. Y. 
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